snaurid 


anannj 


anannj 


znatind 


PURDUE 


PURDUE 


PURDUE 


PURDUE 


W 


3/iaHnd 


anannd 


PURDUE 


PURDUE 


w 


anannj 


snannj 


snannj 


PURDUE 


'URDU 


CQ 


anaHnj 


snannj 


t- 

> 

S3 

M 


PURDUE 


PURDUE 


PURDUE 


PURDUE 


Hnannd 


anannd 


anannj 


anannd 


a  m 

On 


anannd 


anannd 


B 


PURDUE 


PURDUE 


EVALUATION  OF  ABBREVIATED 
METHODS  FOR  ROUTINE 
SOIL   TESTING 

001330 

JULY,  1963 


LYL£  g.  we*»ERS 


t     W     r^ 


Final  Report 


EVALUATION  OF  ABBREVIATED  VIETHDDS  FOR  ROUTINE  SOIL  TESTING 


TO;         K0  B„  Woods,  Director 

Joint  High-  arch  Project 

FROM:     Ho  Lc  ,  Assoc i  :ctor 

Joint  Hd  3    .  ../act 


-",,   1963 

File  No:  6-14-7 
Project  No:  C-36-36G 


The  attached  Final  .ion  of  Abbreviated  Meth 

for  Routine  Soil  Testing"  has  bean  authored  by  Mr»  L.  G„  Werners,  Graduate 
Assistant  on  our  stai.  -ection  of  Professor  Ea  C\   To 

Mr„  Warmers  also  uti]  his  thesis  for  tl 

degree  in  Jun2  19^3  ■> 

This  study  was  .            :        applicability  and 

reliability  of  a  .!ed  methods  of  soil  testing.  Abbreviated  methods 

for  liquid  limit ,  bic  limit,  and  moisture  da          onships 

vere  found  to  be  re  1.  The  I           ring 

Ratio  was  also  s  .it  a  cor      >le  amount  of  experimental  error 

was  found  to  h  ms.de  prediction  of  this  value 

by  abbreviated,  n  It, 

The  report  :  -   records 

Respectfully"  submitted, 


Harold  L.  Michael,  Secretary 


HIM:  be 

Attachment 

Copies: 

F0  L,  Ashbaucher 
J,  E.  Cooper 
W.  L,  Dolch 
W»  H.  Goetz 
F.  F.  Havey 
F.  S0  Hill 
Go  A,  Leona: 


Jo  lo   McLaughlin 
Ro  D.  Miles 
Ro  E.  Mills 
M.  3.  Scott 
Smythe 
ing 
E.  J.  Ycder 


Final  Report 


EVALUATION  OF  ABBREVIATED 

METHODS  FOR  ROUTINE  SOIL  TESTING 


by 

Lyle  G.  Wermers 
Graduate  Assistant 


Joint  Highway  Research  Project 

File  Mo:  6-3.4-7 

Project  No:  C-36-36G 


Purdue  University- 


Lafayette,  Indiana 


May  15,  1963 


Digitized  by  the  Internet  Archive 

in  2011  with  funding  from 

LYRASIS  members  and  Sloan  Foundation;  Indiana  Department  of  Transportation 


http://www.archive.org/details/evaluationofabbrOOwerm 


ii 


ACKNOWLEDGEMENTS 

Sincere  appreciation  is  extended  to  the  individuals  and 
groups  of  individuals  whose  efforts  provided  the  impetus  to 
begin,  the  encouragement  to  continue,  and  the  assistance  to 
complete  this  project. 

The  Joint  Highway  Research  Project,  under  the  Director- 
ship of  Professor  K.  B.  Woods,  receives  the  author's  grati- 
tude for  the  provision  of  the  necessary  funds. 

Especial  gratitude  is  extended  to  Professor  Eldon  J. 
Yoder.  As  the  author's  major  advisor,  Professor  Yoder's 
technical  assistance,  draft  reviews,  and  moral  support  through- 
out the  project,  have  been  greatly  appreciated. 


iii 


TABLE  0?  CONTENTS 

Page 

LIST  OP  TABLES V 

LIST  OP  FIGURES vii 

ABSTRACT ix 

INTRODUCTION  1 

REVIEW  OP  LITERATURE  3 

Atterberg  Limits • 3 

Moisture-Density  Relationship  of  Soils  4 

California  Bearing  Ratio  5 

Relationship  Between  Soil  Strength  and  Other 

Soil  Properties 5 

PURPOSE  AND  SCOPE   7 

PROCEDURE   9 

Atterberg  Limits   •••••••••    9 

Moisture-Density  Relationship  of  Soils  13 

California  Bearing  Ratio  18 

RESULTS  AND  ANALYSIS  OP  RESULTS   20 

Atterberg  Limits 20 

Moisture-Density  Relationship  of  Soils  25 

California  Bearing  Ratio  35 

DISCUSSION 48 

Atterberg  Limits  •• • •••  48 

Moisture-Density  Relationship  of  Soils  49 

California  Bearing  Ratio  54 

SUMMARY 61 

PROPOSED  RESEARCH 62 

BIBLIOGRAPHY  63 


iv 


TABLE  OP  CONTENTS  (CONTINUED) 


APPENDIX  A 


Summary  of  Regression  Equations  for  Optimum 

Moisture  Content  and  Maximum  Dry  Density  66 

APPENDIX  B 

Summary  of  Regression  Equations  for  California 

Bearing  Ratio   ........  77 


LIST  OF  TABLES 

Table  Page 

1.  Summary  of  One-Point  Compaction  Evaluation  ....   33 

2.  Summary  of  Best  Prediction  Formulas  for  Optimum 
Moisture  Content  and  Maximum  Dry  Density  •  •  •  •  .  36 

3.  Properties  of  Soils  Used  in  Determination  of  Error 

of  OBR  Measurement 37 

4.  Summary  of  C3R  Test  Results 38 

5»  Analysis  of  Variance  Table  for  California  Bearing 

Ratio 39 

6.  Summary  of  Best  Prediction  Formulas  for  California 
Bearing  Ratio  43 

7.  Simple  Correlation  Coefficients:  A-Horizon  Soils.  44 

8.  Simple  Correlation  Coefficients:  B-Horizon  Soils.  45 

9.  Simple  Correlation  Coefficients:  C-Horizon  Soils.  46 

10.  Simple  Correlation  Coefficients:  Nonplastlc 

Soils 47 

11.  Comparison  of  Regression  Error  of  Estimate  and 

Error  of  Testing  Measurement  —  CBR 56 

12.  Comparison  of  Regression  CBR  with  Corps  of 
Engineers  Suggested  CBR  Range  for  Unified  Soil 
Classification  System 58 

13.  A-Horizon  Regression  Results:  Maximum  Dry 

Density  on  Soil  Classification  Properties   •  •  •  •   67 

14.  A-Horlzon  Regression  Results:   Optimum  Moisture 
Content  on  Soil  Classification  Properties   ....   68 

15.  A-Horizon  Regression  Results:  Maximum  Dry 
Density  on  Soil  Classification  Properties  and 
Optimum  Moisture  Content  69 


vi 


LIST  OP  TABLES  (CONTINUED) 

16,  B-Horizon  Regression  Results:  Maximum  Dry 

Density  on  Soil  Classification  Properties  ....  70 

17 •  B-Horizon  Regression  Results:   Optimum  Moisture 

Content  on  Soil  Classification  Properties  •  •  •  •  71 

18,  B-Horizon  Regression  Results:  Maximum  Dry 
Density  on  Soil  Classification  Properties  and 
Optimum  Moisture  Content  72 

19.  C-Horizon  Regression  Results:  Maximum  Dry 

Density  on  Soil  Classification  Properties  •  •  •  .  73 

20*  O-Horizon  Regression  Results:   Optimum  Moisture 

Content  on  Soil  Classification  Properties  •  •  •  •  74 

21*  C-Horizon  Regression  Results:  Maximum  Dry 

Density  on  Soil  Classification  Properties  and 
Optimum  Moisture  Content  ••••  75 

22.  Nonplastic  Soil  Regression  Results:  Maximum 
Dry  Density  on  Soil  Classification  Properties 

and  Optimum  Moisture  Oontent  •••••  16 

23.  A-Horizon  Regression  Results:  California 

Bearing  Ratio  on  Soil  Classification  Properties  •  78 

24.  B-Horizon  Regression  Results:  California  Bearing 
Ratio  on  Soil  Classification  Properties 83 

25.  C-Horizon  Regression  Results:   California  Bearing 
Ratio  on  Soil  Classification  Properties 88 

26.  Nonplastic  Soils  Regression  Results:   California 
Bearing  Ratio  on  Classification  Properties  ...  93 


vii 


LIST  OP  FIGURES 

Figure  Page 

1.  Flow  Index  for  One -Point  Liquid  Limit  (Fang)  ...   11 

2.  Moisture  Correction  Factors  for  One-Point 

Liquid  Limit  (Fang)   12 

3.  Indiana  Typical  Moisture-Density  Curves 

(Spencer) 14 

4.  Ohio  Typical  Moisture-Density  Curves  (Woods 

and  Litehiser)  ••• ,  .  .  .  15 

5.  Frequency  Polygon  for  Differences  Between 
Standard  AASHO  Liquid  Limit  and  One-Point 

Liquid  Limit  21 

6.  Percent  of  Total  Determinations  of  One  -  Point 
Liquid  Limit  Displaying  Less  than  Given  Absolute 
Difference  from  Standard  Liquid  Limit   .  •  .  .  •   23 

7.  Frequency  Polygon  for  Differences  Between 
Standard  AASHO  Plastic  Limit  and  Squash  Plastic 
Limit o 24 

8.  Frequency  Polygon  for  Differences  Between  Standard 
AASHO  Optimum  Moisture  Content  and  One -Point 
Optimum  Moisture  Content  from  Ohio  Typical  Curves   26 

9.  Frequency  Polygon  for  Differences  Between 
Standard  AASHO  Maximum  Dry  Density  and  One-Point 
Maximum  Dry  Density  from  Ohio  Typical  Curves  ...   28 

10.  Frequency  Polygon  for  Differences  Between 
Standard  AASHO  Optimum  Moisture  Content  and  One- 
Point  Optimum  Moisture  Content  from  Indiana 

Typical  Curves   ....a  29 

11.  Frequency  Polygon  for  Differences  Between 
Standard  AASHO  Maximum  Dry  Density  and  One -Point 
Maximum  Dry  Density  from  Indiana  Typical  Curves   •   30 

12.  Percent  of  Total  Determinations  of  One-Point 
Compaction  Values  Displaying  Less  Than  Given  Abso- 
lute Difference  from  Standard  Compaction  Values   •   32 


vlii 

LIST  OP  FIGURES  (CONTINUED) 


13.  Optimum  Moisture  Content  vs.  Maximum  Dry- 
Density  —  Regression  Lines   53 


ix 


ABSTRACT 

Wermers,  Lyle  G.  MSCE,  Purdue  University,  June  1963. 
EVALUATION  OF  ABBREVIATED  METHODS  FOR  ROUTINE  SOIL  TESTING. 
Major  Professor:  Eldon  J.  Yoder. 

The  utilization  of  soil  as  an  engineering  material  has 
necessitated  the  developement  of  soil  classification  systems. 
Classification  is  based  upon  soil  properties  determined  by 
the  performance  of  standard  test  procedures.  Abbreviations 
of  these  standard  procedures  have  been  formulated  and  a 
study  was  conducted  to  determine  the  applicability  of  the 
abbreviated  procedures. 

A  one-point  liquid  limit  method  was  shown  to  be  reli- 
able and  economical.   The  squash  method  for  determination  of 
the  plastic  limit  was  shown  to  be  reliable  but  to  have  little 
affect  on  the  testing  cost.  A  one-point  compaction  proce- 
dure was  shown  to  be  reliable  and  economical. 

The  California  Bearing  Ratio  was  studied  and  a  consider- 
able amount  of  variability  was  shown  to  exist  due  only  to 
experimental  error.  This  experimental  variability  was  shown 
to  be  greatest  for  granular  soils  and  least  for  clay  soils. 

Equations  for  estimating  the  optimum  moisture  content, 
maximum  dry  density,  and  California  Bearing  Ratio  were  de- 
veloped by  the  multiple  regression  technique.   These 


equations  were  shown  to  be  reliable  estimators  of  the  optimum 
moisture  content  and  maximum  dry  density  but  were  shown  to  be 
of  questionable  value  as  estimators  of  the  California  Bearing 
Ratio, 


INTRODUCTION 

Adequate  identification  of  a  material  is  a  prerequisite 
to  the  proper  utilization  of  that  material.   As  it  pertains 
to  soil  engineering,  identification  is  accomplished  by  per- 
forming standard  tests. 

These  standard  tests  have  been  rigorously  defined  by  the 
American  Society  for  Testing  Materials  (3)*  and  the  American 
Association  of  State  Highway  Officials  (2).   The  time  required 
for  the  performance  of  the  standard  tests  has  brought  about  a 
demand  for  their  abbreviation  and  efforts  have  been  channeled 
toward  this  end  by  several  investigators. 

A  portion  of  this  thesis  is  devoted  to  a  study  of  routine 
soil  testing  procedures  with  the  end  point  of  determining 
whether  short  cut  testing  techniques  yield  adequate  soil  iden- 
tification data. 

The  identification  of  soil,  however,  is  of  use  only  if 
it  leads  to  the  solution  of  an  engineering  problem.   A  pro- 
blem of  primary  Interest  to  the  highway  engineer  is  the 
structural  design  of  pavements.   The  design  procedure  used 
by  the  Indiana  Highway  Commission  is  based  in  part  on  the 
California  Bearing  Ratio  of  the  subgrade.   If  a  knowledge  of 
the  classification  properties  of  the  subgrade  would  yield 


*  Numbers  in  parenthesis  refer  to  references  listed  in  the 
Bibliography. 


this  design  parameter,  a  considerable  amount  of  testing  could 
be  circumvented.  Hence,  a  study  of  the  relationships  which 
exist  between  the  CBR  and  the  classification  properties  of 
soils  was  performed  utilizing  the  accumulated  data  of  the 
Joint  Highway  Research  Project  laboratory  at  Purdue  University, 

Associated  with  each  soil  property  is  a  certain  amount 
of  variability  due  only  to  testing  procedure.   This  varia- 
bility was  considered  when  appraising  the  value  of  the  sta- 
tistically developed  prediction  formulas  for  optimum  moisture 
content,  maximum  dry  density,  and  California  Bearing  Ratio. 


REVIEW  OP  LITERATURE 

Atterberg  Limits 

Albert  Atterberg,  (4)  a  Swedish  scientist,  performed  a 
study  of  plasticity  of  clays  in  the  early  1900' s.   In  the 
study  he  defined  the  "Atterberg  limits"  much  as  they  are 
known  tody. 

In  the  early  1930's,  Arthur  Casagrande  (6),  redefined 
these  limits  for  engineering  purposes  and  developed  the  cur- 
rently utilized  liquid  limit  device.   Casagrande1 s  methods 
and  definitions  have  been  adopted  widely  by  the  engineering 
profession. 

The  increased  work  load  of  engineers  has  brought  about 
a  demand  for  test  methods  which  minimize  time  requirements. 
This  demand  has  been  partially  met  by  the  development  of 
abbreviated  procedures  for  the  determination  of  Atterberg 
limits. 

In  1949,  the  U.  S.  Army  Corps  of  Engineers  (19)  reported 
on  a  "one-point"  liquid  limit  method  predicated  on  the  hy- 
pothesis that  geologically  similar  soils  yield  the  same  flow 
line. 

In  the  early  1950' s  the  U.  S.  Department  of  Commerce, 
Bureau  of  Public  Roads  (11)  compared  the  results  of  a  one- 
point  liquid  limit  test  with  the  results  of  the  standard  test, 
They  studied  test  results  from  throughout  the  United  States 


and  concluded  that  the  error  associated  with  the  one  point 
method  was  no  greater  than  that  associated  with  the  standard 
method. 

An  alternative  method  for  the  determination  of  the 
plastic  limit  was  reported  by  Abun-Nur  (1),   The  method  con- 
sists of  "squashing"  a  cube  of  wetted  soil  and  determining 
the  moisture  content  at  which  cracks  develop  on  the  cube  sur- 
face, A  comparison  of  this  method  with  the  standard  "roll- 
out" method  showed  little  difference  between  results.   A 
similar  procedure  utilizing  a  ball  of  wetted  soil  was  estab- 
lished by  Clegg  (7)  to  be  quite  reliable. 

Moisture-Density  Relationship  of  Soils 

In  1933  Proctor  (14)  reported  on  the  principles  of  soil 
compaction  and  outlined  procedures  for  determining  the 
moisture-density  relationship  of  soils.   Proctor's  principles 
and  procedures  have  been  widely  accepted  and  with  few  modifi- 
cations are  outlined  as  standard  procedures  by  the  American 
Association  of  State  Highway  Officials  (AA3H0)  (2). 

Woods  and  Lltehlser  (23),  in  1938,  presented  a  set  of 
typical  moisture-density  curves  for  Ohio  soils.   They  showed 
that  similar  soils  have  similar  moisture-density  curves. 
This  characteristic  was  utilized  in  the  rapid  determination 
of  the  optimum  moisture  content  and  maximum  dry  density. 

Hampton  (10)  showed  a  relationship  to  exist  between  the 
plastic  limit  and  the  maximum  dry  density  of  a  material.   The 
Bureau  of  Public  Roads  (15)  performed  a  statistical  analysis 


of  compaction  and  classification  test  data  to  arrive  at  a 
relationship  between  these  values.   They  presented  prediction 
formulas  which  relate  optimum  moisture  content  and  maximum 
dry  density  to  the  standard  classification  properties,  such 
as  Atterberg  limits  and  grain  size  distribution. 

The  Corps  of  Engineers  and  Bureau  of  Public  Roads  have 
studied  the  factors  affecting  soil  compaction  in  great  depth. 

California  Bearing  Ratio 

During  1928  and  1929  the  California  Division  of  Highways 
(13)  undertook  an  extensive  investigation  of  pavement  fail- 
ures throughout  the  state  of  California.   In  1929  a  bearing 
ratio  test  was  devised,  the  results  of  which  were  correlated 
with  pavement  performance.   This  bearing  ratio  test,  which 
compares  the  strength  of  a  soil  to  the  strength  of  a  crushed 
stone,  has  become  known  as  the  California  Bearing  Ratio  or  CBR, 

During  the  1940 ' s  the  U.  S.  Army  Corps  of  Engineers  (17) 
adopted  the  CBR  test  for  pavement  design  and  established  the 
procedures  which  are  normally  used  today. 

Relationship  Between  Soil  Strength  and  Other  Soil  Properties 

A  considerable  amount  of  work  has  been  done  to  relate 
soil  strength  to  the  classification  properties  of  soils.   The 
U.  S.  Army  Corps  of  Engineers  (20)  has  shown  that  a  high  de- 
gree of  correlation  exists  between  moisture  content  and  cone 
index.  Woods  (22)  has  shown  a  direct  relationship  between 
penetration  resistance  and  dry  density.  He  also  showed  an 
inverse  relationship  between  penetration  resistance  and  the 


Atterberg  limits.   Gawith  and  Perrin  (9)  presented  a  rela- 
tionship between  CBR  and  grain  size  distribution  and  group 
index.   Hampton  (10)  studied  the  factors  affecting  the  CBR 
for  low  strength  soils.   He  found  the  variability  due  to 
testing  to  be  quite  low.   The  U.  S.  Army  Corps  of  Engineers 
t21)  has  studied  extensively  the  effect  of  test  procedure  on 
CBR  values. 

A  method  of  estimating  the  CBR  from  plasticity  data  has 
recently  been  developed  by  Black  (5)  of  England.  Black  re- 
lated the  CBR  of  a  soil  to  the  soil  suction  and  developed  the 
relationship  between  soil  suction  and  the  Atterberg  limits. 


PURPOSE  AND  SCOPE 

The  purposes  of  this  study  were  twofold.   First,  the 
applicability  of  using  abbreviated  routine  soil  testing  pro- 
cedures was  determined.   Second,  formulas  for  predicting 
California  Bearing  Ratio  as  a  function  of  soil  classification 
properties  were  developed.   A  by-product  of  the  CBR  study  was 
a  determination  of  the  degree  of  correlation  existing  among 
classification  properties,  optimum  moisture  content,  maximum 
dry  density,  and  CBR. 

The  only  testing  undertaken  specifically  for  this  study 
was  a  series  of  CBR  tests  on  three  soils.   These  soils  were 
chosen  to  represent  those  normally  encountered  in  the  Joint 
Highway  Research  Project  (JHRP)  testing  program  and  consisted 
of  a  clay,  a  silt,  and  a  gravel.   The  results  of  this  testing 
permitted  an  estimate  of  the  variability  in  the  CBR  which  is 
due  to  testing  procedures. 

All  other  data  used  in  the  evaluation  of  the  abbreviated 
procedures  and  in  the  correlation  study  were  taken  from  ac- 
cumulated data  of  the  JHRP  laboratory  at  Purdue  University. 
These  data  yielded  information  on  soils  from  the  following 
Indiana  Counties: 


Allen  Parke 

DeKalb  Pulaski 

Fountain         Sullivan 

Madison  Tippecanoe 

Noble  Tipton 

There  was  no  consistency  in  number  of  samples  per  county  and 
no  attempt  was  made  to  separate  data  on  the  basis  of  county. 

Hampton  (10)  found  that  a  considerable  amount  of  the 
variability  in  a  soil  property  is  attributable  to  the  horizon 
from  which  the  sample  is  taken.   To  eliminate  this  variable 
from  the  prediction  models,  the  data  were  grouped  according 
to  Ai  Br  or  C-horizon.  Any  soil,  irrespective  of  horizon, 
which  did  not  display  measurable  Atterberg  limits  was  also 
placed  in  a  separate  group. 

Significance  of  differences  between  results  of  abbrevi- 
ated and  standard  procedures  were  tested.   Multiple  regres- 
sion analyses  were  performed  to  develop  prediction  equations 
for  optimum  moisture  content,  maximum  dry  density,  and 
California  Bearing  Ratio. 


PROCEDURE 

This  study,  as  previously  noted,  consisted  of  a  compar- 
ison of  alternative  test  procedures.   In  every  case  an  ab- 
breviated or  revised  method  was  compared  with  an  accepted 
standard  method.   This  comparison  formed  the  basis  for  Judg- 
ment concerning  the  validity  of  the  abbreviated  or  revised 
method. 

Atterberg  Limits 

The  standard  procedures  for  the  determination  of  the 
Atterberg  limits  are  defined  by  the  American  Association  of 
State  Highway  Officials  (2).   The  procedures  for  determina- 
tion of  the  liquid  limit,  plastic  limit,  and  plasticity  index 
are  outlined  in  AASHO  designations  T89-60,  T90-56,  and  T91-54 
respectively. 

The  abbreviated  liquid  limit  procedure  studied  was  a 
"Plow  Index"  method  developed  by  H.  Y.  Pang  (8).   The  equip- 
ment and  procedure  coincide  with  AASHO  designation  T89-60 
except  that  the  procedure  is  performed  Just  once.   The  crite- 
rion for  this  one-point  test  is  that  the  number  of  blows  re- 
quired to  close  the  groove  should  lie  between  17  and  36. 
Pang  defined  the  relationship  between  the  moisture  content 
at  any  given  number  of  blows  and  the  moisture  content  at  the 
liquid  limit  (i.e.  25  blows)  as  follows: 


10 


N 
LL  =  %  +  If  log  -^ 


where: 


LL  =  Liquid  limit 

WN  =  Sample  moisture  content  at  N  blows 
(between  17  and  36) 

N  =  Number  of  blows 
If  =  Plow  index 
The  flow  index  is  defined  in  terms  of  the  one-point  moisture 
content  as  follows: 

If  =  0.36  %  -  3 
Figures  1  and  2  present  the  foregoing  relationships  in  graph- 
ical form. 

The  determination  of  the  liquid  limit  consists  of  using 
the  one-point  moisture  content  to  determine  a  flow  index.   The 
flow  index,  the  number  of  blows,  and  the  one-point  moisture 
content  are  then  used  in  conjunction  with  Figure  2  to  obtain 
the  value  for  the  liquid  limit. 

The  use  of  Figures  1  and  2  was  applied  to  available  data 
on  334  soil  samples  from  the  JHRP  laboratory  at  Purdue.   All 
data  obtained,  using  between  17  and  36  blows,  were  used  as 
though  they  had  been  the  only  point  obtained.  The  liquid 
limit  thus  obtained  was  compared  to  the  liquid  limit  obtained 
by  the  standard  flow  curve  procedure. 

The  differences  between  standard  liquid  limit  and  one - 
point  liquid  limit  were  studied  to  determine  if  significant 
differences  existed  between  these  methods. 
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The  "squash"  test  was  used  as  an  alternative  method  for 
the  determination  of  the  plastic  limit.   This  method  consists 
of  forming  a  ball  of  the  moist  soil  about  one  half  inch  in 
diameter.   This  ball  is  then  squashed  between  two  glass  plates 
to  form  a  soil  pat.  As  the  soil  dries,  this  squashing  will 
cause  cracks  to  develop  on  the  surface  of  the  soil  pat.   The 
moisture  content  at  which  these  cracks  developed  across  the 
entire  surface  was  taken  as  the  plastic  limit  of  that  soil. 

Both  the  standard  thread  method  and  the  squash  method 
were  applied  to  32  soil  samples.  The  difference  between  re- 
sults was  noted  and  the  32  differences  thus  obtained  were 
studied  to  determine  if  significant  difference  existed  between 
the  methods. 

Moisture-Density  Relationship  of  Soil 

The  standard  procedure  for  determining  the  moisture- 
density  relationship  of  soil  is  outlined  in  AASHO  designa- 
tion T99-57. 

The  abbreviated  procedure  studied  utilized  the  typical 
moisture-density  curves  developed  by  the  Indiana  State  High- 
way Department  (16)  and  the  Ohio  State  Highway  Department  (23). 
These  sets  of  typical  curves  are  shown  in  Figure  3  and  Figure 
4  respectively. 

The  procedure  adheres  to  the  standard  procedure  except 
the  steps  are  performed  Just  once.   The  moisture  content  and 
wet  density  thus  obtained  are  plotted  on  the  set  of  typical 
curves  to  establish  the  typical  curve  to  be  utilized. 


14 


142 
140 
138 

136 
134 
132 
130 
128 


>- 
|- 

C0 

z 

UJ 
Q 

I- 
LU 


O 

£ 

O 
CD 

O 

or  126 

LU 

Q_ 

124 

CO 

g    122 

O    120 


lie 

116 
114 
112 
110 
108 


CURVE 
NO. 

0MC 

MDD 

1 

25.0 

92.8 

2 

23.2 

96.5 

3 

21.6 

9  9.6 

4 

20.3 

102.0 

5 

18.6 

104.8 

6 

17.2 

107.0 

7 

15.9 

1  10.5 

8 

15.0 

113.4 

9 

13.3 

116.4 

10 

12.0 

120.2 

1  1 

10.8 

123.8 

12 

10.3 

1262 

13 

9.3 

128  9 

14 

8.8 

131.0 

_L 


JL 


8       10       12       14      16       18       20      22       24     26      28      30 

MOISTURE  CONTENT  (PERCENT  OF  DRY  WEIGHT) 


FIG. 


3     INDIANA    TYPICAL  MOISTURE- DENSITY 
(SPENCER) 


CURVES 


15 


144 
142 

140 

138 

136 
134 

""     132 

m     130 

Z> 
O 

128 
a: 
in 
0-      126 


O 
O 


CO 

Q 

124 

2 

3 

O 

122 

Q_ 

" 

120 

>- 

1- 

co 

118 

z 

LU 
Q 

116 

h- 

LU 

114 

£ 

112 

110 
108 

106 

4      6      8       10     12     14     16      18     20    22    24   26    28    30    32    34 

MOISTURE    CONTENT  (PERCENT   OF    DRY   WEIGHT) 
FIG.  4      OHIO    TYPICAL    MOISTURE- DENSITY     CURVES 
(WOODS    AND    LITEHISER) 


16 


The  optimum  moisture  content,  OMC,  and  maximum  dry 
density,  MDD,  are  then  determined  from  the  small  table  in 
each  graph.   Interpolation  between  curves  is  sometimes  neces- 
sary. 

Available  data  of  the  JHRP  laboratory  were  utilized  in 
a  comparison  of  the  standard  and  one-point  compaction  methods. 
Three  hundred  and  twelve  compaction  tests  were  studied  to 
achieve  this  comparison.   All  moisture  contents  lying  within 
a  range  of  5  percentage  points  below  OMC  and  4  percentage 
points  over  OMC  were  used  with  their  corresponding  wet  density 
as  though  they  were  the  only  information  available.   These 
data  are  hereinafter  referred  to  as  "one-point"  OMC  and  MDD. 
Both  the  Ohio  typical  curves  and  the  Indiana  typical  curves 
were  used  in  this  study. 

In  addition,  a  multiple  regression  analysis  was  made 
using  the  OMC  and  MDD  and  classification  properties.   This 
technique  yielded  formulas  for  the  prediction  of  OMC  and  MDD 
as  functions  of  the  classification  properties.  A  purely  linear 
model  was  utilized  in  the  following  form: 

Y  =  b0  +  biX^  +  b2X2  +  . . .  +  bj^X^ 
where: 

Y  =  Predicted  dependent  variable,  OMC  or  MDD 
Xi  =  Independent  classification  properties, 

1  =  1,  c. ,  j ,  ••«,  K 

b^  =  Constants,  1=1,  2,  3,  ...»  k 
The  independent  variables  were  chosen  on  the  basis  of  avail- 
ability and  results  of  previous  studies.   The  variables 
chosen  were: 
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1.  Plastic  Limit,  PL 

2.  Liquid  Limit,  LL 

3.  Plasticity  Index,  PI 

4.  Percent  coarse  material,  G.  Defined  as 
the  percent  retained  on  a  No.  40  sieve. 

5.  Percent  fine  sand,  S.  Defined  as  the  percent 
passing  the  No.  40  sieve  but  larger  than  0.05  nim. 

6.  Percent  fines,  P.  Defined  as  the  percent 
finer  than  0.05  mm. 

7.  Group  Index,  GI.  Defined  according  to  AASHO 
soil  classification  system. 

8.  Fineness  Average,  PA.  Determined  by  talcing  one- 
sixth  of  the  total  percentages,  by  weight,  finer 
than  the  following  sizes:  No.  10  sieve,  No.  40 
sieve,  No.  200  sieve,  0.02  mm,  0.005  mm,  and 
0.001  mm. 

A  separate  regression  analysis  was  performed  on  A-horizon 
soils,  B-horizon  soils,  C-horizon  soils,  and  nonplastic  soils. 

The  multiple  regression  analysis  was  performed  on  a  com- 
puter in  a  stepwise  procedure  which  added  the  Independent 
variables  to  the  predicting  equation  in  the  order  of  their 
contribution  to  the  prediction.  Thus,  the  best  prediction 
equation  did  not  necessarily  include  all  variables.  This 
technique  developed  the  prediction  formulas  and  gave  an  esti- 
mate of  the  error  to  be  expected  in  their  use.  This  error 
was  compared  to  the  error  associated  with  the  standard  test 
to  evaluate  the  reliability  of  the  prediction  equations. 
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California  Bearing  Ratio 

For  purposes  of  this  study  the  standard  procedure  for 
the  determination  of  the  California  Bearing  Ratio  conformed 
to  that  defined  by  the  U.  S.  Army  Corps  of  Engineers  in 
EM  1110-45-302,  Appendix  III,  1957,  part  5.  The  standard 
AASHO  compactive  effort  was  used  throughout  the  testing  pro- 
gram* The  molding  moisture  content  was  at  all  times  within 
+  0*5  percentage  points  of  the  optimum  moisture  content  de- 
termined by  the  standard  AASHO  compaction  test. 

To  determine  the  variability  of  test  results  associated 
with  the  above  procedure,  a  series  of  CBR  tests  was  made  on 
each  of  three  soil  types.  The  three  soil  types  chosen  for 
study  included: 

1.  a  low  plasticity  silty  clay 

2.  a  highly  plastic  clay 

3.  a  non plastic  granular  material 

The  results  of  these  tests  were  analyzed  to  determine  the 
"error  of  measurement"  associated  with  the  CBR  test  itself. 
It  was  assumed  that  variability  not  attributable  to  measure- 
ment error  was  due  to  variations  in  soil  type. 

To  explain  the  variability  due  to  soil  type,  the  classi- 
fication properties  were  used  in  conjunction  with  a  multiple 
regression  analysis  to  obtain  predicting  formulas  for  the 
CBR  in  terms  of  the  classification  properties.  The  proced- 
ure for  the  performance  of  this  regression  analysis  was 
Identical  to  that  described  for  the  moisture-density  test. 
For  the  CBR  study  the  molded  moisture  content  and  molded  dry 
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density  were  added  to  the  list  of  independent  variables.  The 
data  were  separated  by  horizon  and  a  stepwise  regression  was 
performed  by  a  computer. 
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RESULTS  AND  ANALYSIS  OP  RESULTS 

Atterberg  Limits 

The  utilization  of  all  data  obtained  with  between  17 
and  36  blows  from  334-  standard  liquid  limit  tests  provided 
the  basis  for  comparing  results  of  the  one-point  method  with 
those  of  the  standard  method.   Each  one-point  determination 
was  paired  with  the  standard  method  result  and  the  difference 
between  them  was  obtained.   In  this  manner  968  differences 
were  obtained. 

Figure  5  summarizes  this  information  by  showing  the  fre- 
quency with  which  a  given  difference  occurred.   The  differ- 
ences form  a  unimodal  distribution  with  a  mean  of  0.17 
percentage  points  and  a  standard  deviation  of  1.0  percentage 
points.   The  standard  deviation  is  a  measure  of  the  diversity 
of  the  data  about  their  mean  and  is  defined  by  the  formula: 


db.  (d,  -  d)2 
1  =  1 


N  -  1 
where 

s£=  An  unbiased  estimate  of  the  standard  deviation  squared, 
D^  =  Difference  between  any  particular  one-point  liquid 
limit  and  the  corresponding  standard  liquid  limit. 
D  =  Mean  difference  between  one-point  liquid  limit 

and  standard  liquid  limit. 
N  =  Number  of  determinations. 
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Figure  6  shows  the  percent  of  the  differences  between 
one-point  liquid  limit  and  standard  liquid  limit  which  lie 
within  a  given  absolute  difference  from  zero.   It  can  be  seen 
that  85  percent  of  the  observed  differences  lie  with  +  1.0 
percentage  point  and  97  percent  within  +2.0  percentage 
points. 

The  plastic  limit  study  consisted  of  a  comparison  of  the 
standard  thread  method  and  the  squash  method  previously  de- 
fined.  Both  methods  were  applied  to  32  soil  samples.   The 
results  obtained  from  each  method  were  paired  and  a  series  of 
differences  were  obtained.   The  frequency  with  which  given 
differences  occurred  is  shown  in  the  frequency  polygon  of 
Figure  7. 

The  small  number  of  samples  studied  necessitated  the  for- 
mulation of  an  adequate  comparison.   Ostle  (12)  outlines  a 
procedure  for  comparison  of  paired  observations.   The  method 
consists  of  a  quantitative  evaluation  of  the  hypothesis  that 
the  mean  difference  between  paired  observations  is  zero.   The 
test  statistic,  t,  is  comparied  to  the  theoretical  Student"s  t 
distribution.   If  the  test  statistic  is  larger  than  the  theo- 
retical value,  the  hypothesis  of  insignificant  difference  is 
rejected.  Utilizing  the  mean  and  the  standard  deviation  of 
the  differences  as  shown  on  Figure  7»  this  quantitative  com- 
parison was  performed  as  follows. 

Hypothesis:   D*  =  0 
Alternate  Hypothesis:   D'  ^  0 

Test  Statistic:   t  =   2  ~  D' 


V^A 
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where: 

D*  =  Hypothesized  average  difference  between 

squash  plastic  limit  and  standard  plastic 
limit. 
D  =  Average  difference  for  sample  studied. 
N  =  Number  of  paired  observations. 
S  =  Unbiased  estimate  of  the  standard  deviation. 
The  theoretical  Student's  t  for  N-l  degrees  of  freedom 
and  a  level  of  significance  of  0.05'  is  equal  to  2.04.   The 
level  of  significance,  or  the  °C-level,  is  the  probability  of 
rejecting  a  hypothesis  which  is  in  reality  true.  It  is  desir- 
able that  this  value  be  small  and  0.05  is  the  value  commonly 
used  in  research. 

-  0.34  -  0 
t  =  =*1.20 


V 


2.59 
32 


t3i°d.f.s2-04>1-20 

Therefore  the  hypothesis  was  accepted  and  the  difference 
between  the  standard  method  results  and  the  squash  method  re- 
sults for  the  determination  of  the  plastic  limit  was  consid- 
ered insignificant. 

Moisture-Density  Relationship  of  Soils 

Figure  8  depicts  the  frequency  with  which  differences 
occurred  in  the  optimum  moisture  content  obtained  by  the  one- 
point  method  from  that  obtained  by  the  standard  method.   The 
arithmetic  mean  of  the  differences  was  found  to  be  -0.84 
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percentage  points  indicating  that  "on  the  average"  the  opti- 
mum moisture  content  obtained  from  the  Ohio  typical  curves 
is  0.84  percentage  points  higher  than  that  obtained  by  the 
standard  method.  The  standard  deviation  of  the  differences 
was  found  to  be  1.43  percentage  points. 

Figure  9  shows  the  frequency  distribution  of  the  differ- 
ences between  standard  maximum  dry  density  and  one-point  max- 
imum dry  density  obtained  from  the  Ohio  typical  curves.  The 
mean  difference  was  determined  to  be  0.30  pcf  indicating  that 
the  Ohio  typical  curves  yield  a  maximum  dry  density  which  is, 
on  the  average,  0.30  pcf  less  than  the  value  obtained  by  the 
standard  method.  The  standard  deviation  of  the  distribution 
is  1.94  pcf. 

The  frequency  distribution  of  the  differences  between 
the  standard  method  optimum  moisture  content  and  the  one- 
point  value  obtained  from  the  Indiana  typical  curves  is  shown 
in  Figure  10.  The  arithmetic  mean  between  the  results  of 
these  methods  was  determined  to  be  -0.19  percentage  points 
indicating  that  on  the  average  the  optimum  moisture  content 
obtained  from  the  Indiana  typical  curves  is  0.19  percentage 
points  higher  than  that  obtained  by  the  standard  method.  The 
standard  deviation  of  this  distribution  is  1.45  percentage 
points. 

Figure  11  presents  a  frequency  distribution  for  the  dif- 
ferences between  the  standard  method  maximum  dry  density  and 
the  one-point  value  obtained  from  the  Indiana  typical  curves. 
The  mean  difference  is  shown  to  be  0.20  pcf  indicating  that 
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on  the  average  the  maximum  dry  density  obtained  from  the 
Indiana  typical  curves  is  0.20  pcf  less  than  that  obtained 
by  the  standard  method.  The  standard  deviation  of  the  dif- 
ferences is  shown  to  be  2.10  pcf. 

Note  that  the  four  foregoing  figures  depict  a  unimodal 
distribution  approximating  the  normal  distribution.  Figure 
12  shows  the  relationship  between  percent  of  total  determina- 
tions and  absolute  difference  from  zero. 

It  is  seen  that  with  the  Indiana  typical  curves  the  one- 
point  optimum  moisture  content  lies  within  3.0  percentage 
points  of  the  standard  optimum  moisture  content  95  percent  of 
the  time.  With  the  Ohio  typical  curves  the  optimum  moisture 
content  lies  within  3*4  percentage  points  95  percent  of  the 
time.  The  one -point  maximum  dry  density  values  lie  within 
5  pcf  of  the  standard  method  values  approximately  95  percent 
of  the  time  for  both  the  Indiana  and  the  Ohio  typical  curves. 

Table  1  summarizes  the  statistics  for  the  one-point 
moisture-density  test  evaluation. 

Equations  for  the  prediction  of  the  optimum  moisture 
content  and  maximum  dry  density  are  given  in  Appendix  A.  The 
results  are  placed  into  four  groups  according  to  soil  type. 
Within  each  group  are: 

1.  Formulas  for  predicting  the  maximum  dry  density 
using  the  classification  properties 

2.  Formulas  for  predicting  the  optimum  moisture 
content  using  the  classification  properties 
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STANDARD    COMPACTION     VALUES 
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3.   Formulas  for  predicting  the  maximum  dry 

density  using  the  classification  properties 
and  the  optimum  moisture  content. 
The  exception  to  this  format  is  the  nonplastlc  soil  group 
which  gives  the  maximum  dry  density  as  a  function  of  the 
classification  properties  and  the  optimum  moisture  content  as 
a  function  of  the  maximum  dry  density.   All  formulas  are 
linear  and  of  the  form: 

Y  =  b0  +  b^x^  +  D2X2  +  . . .  +  b^x^ 
The  regression  analysis  was  performed  by  computer  in  a  step- 
wise manner  whereby  the  Independent  variables  were  added  to 
the  formula  In  the  order  that  they  contributed  to  the  predic- 
tion.  An  estimate  of  the  reliability  associated  with  these 
formulas  Is  given  by  the  standard  error. 

As  variables  are  added  to  the  formulas  in  Appendix  A,  the 
standard  error  decreases,  or  the  formula  reliability  increases, 
A  point  is  reached,  however,  beyond  which  further  addition  of 
variables  does  not  improve  the  reliability.   Addition  of  var- 
iables beyond  this  point,  while  not  improving  the  reliability, 
may  increase  the  R2  value.   R2  is  a  squared  multiple  correla- 
tion coefficient  and  represents  the  fraction  of  the  variabil- 
ity in  the  dependent  variable  which  is  explained  by  the 
regression  formula.   The  highest  R2  is  seen  to  appear  with 
the  formulas  including  the  largest  number  of  variables.   A 
reduced  rate  of  increase  in  R2  usually  accompanied  the  point 
at  which  the  standard  error  became  constant.   Thus,  to  mini- 
mize the  number  of  variables  and  to  maximize  the  prediction 
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reliability,  the  formula  chosen  was  that  corresponding  to 
the  point  in  the  stepwise  regression  at  which  the  standard 
error  became  constant  or  was  a  minimum. 

In  this  manner,  prediction  equations  for  A-j  By  and  C- 
horizon  soils  and  for  nonplastlc  soils  were  chosen.  These 
are  shown  in  Table  2. 

California  Bearing  Ratio 

To  determine  the  error  of  measurement  of  the  California 
Bearing  Ratio  a  series  of  CBR  determinations  was  performed  on 
each  of  three  soil  types.   The  results  of  these  determinations 
were  studied  in  a  one-way  classification  analysis  of  variance. 
Table  3  summarizes  the  properties  of  soils  studied.   Soil  No.  1 
is  a  silty  clay,  No.  2  is  a  high  plasticity  clay,  typical  of 
those  encountered  in  B-horizon  soils,  and  No.  3  is  a  well 
graded,  nonplastic,  granular  material.   Several  CBR  tests 
were  performed  on  each  of  these  soils  according  to  procedures 
previously  outlined.   Table  4  summarizes  the  results  of  these 
CBR  determinations. 

The  one-way  classification  analysis  of  variance  provides 
an  estimate  of  the  error  of  measurement  by  separating  the 
total  variability  into  measurement  error  and  variability  due 
to  soil  type  differences.   Table  5  presents  the  analysis  of 
variance  table  showing  the  estimate  of  variability  which  is 
attributable  to  soil  type  and  that  which  is  attributable  to 
measurement  error. 
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TABLE  5.   ANALYSIS  OP  VARIANCE  TABLE  FOR 
CALIFORNIA  BEARING  RATIO 


Source  of 
Variation 

Sum  of 
Squares 

Degrees  of 
Freedom 

Mean 
Square 

Soil  Type 

20,096.6 

2 

10,048.3 

Measurement  Error 

168.8 

11 

15.3 

Total 

20,265.4 

13 



The  mean  square  associated  with  the  measurement  error  Is 
an  indication  of  the  variability  in  the  CBR  which  is  attribu- 
table to  the  testing  procedure.   Considering  all  soil  types 
simultaneously,  an  estimate,  Se,  of  the  standard  error  of 
measurement  for  the  CBR  test  is  equal  to  the  square  root  of 
the  mean  square  error. 


Se  =  V15'3  =  3-91 
The  utilization  of  the  foregoing  analysis  of  variance 

technique  required  the  assumption  that  the  variability  of  the 
CBR  was  constant  between  soil  groups.   Examination  of  Table  4 
reveals  that  this  is  not  strictly  true.   Greater  variability 
is  seen  to  exist  for  soil  No.  1  and  3  than  for  soil  No.  2. 

Consideration  of  the  groups  Individually  yields  an  esti- 
mate of  the  standard  error  of  measurement  associated  with  that 
soil  group.   This  estimate  is  given  by  the  following  relation- 
ship. 


ii  _ 


Uij  -  xi)2 


J=L 


m  -  i 
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where: 

Sq  =  Estimate  of  standard  error  of  measurement 
associated  with  ith  soil 
X^j  =  Jth  GBR  determination  for  the  ith  soil 

Xi  =  Mean  CBR  for  ith  soil 

n^  =  Number  of  CBR  determination  on  the  ith  soil  type 
Using  the  above  relationship,  the  standard  error  of  measure- 
ment for  soil  No.  1,  Sg,  was  found  to  be  4.40.   Similarly, 
for  soils  No.  2  and  No.  3,  s|  and  Sg  were  found  to  be  1.30 
and  5.32  respectively.  As  indicated  earlier,  this  standard 
error  of  measurement  is  indicative  of  the  amount  of  scatter 
about  the  mean  value  to  be  expected  of  a  group  of  data.   The 
larger  the  standard  error,  the  more  scatter  to  be  expected 
and  consequently,  the  less  accurate  the  results. 

In  the  analysis  of  variance  technique  it  is  assumed 
that  all  variability  which  is  not  attributable  to  testing 
error  is  due  to  differences  in  soil  type.   According  to  Table 
5»  if  the  above  assumption  is  true,  differences  in  soil  type 
explain  the  larger  portion  of  the  OBR  variability.   The  de- 
finition of  soil  type  has  been  traditionally  associated  with 
the  soil  classification  properties. 

Appendix  B  presents  formulas  expressing  the  relationships 
between  the  classification  properties  and  the  OBR.   These 
formulas  were  obtained  by  the  utilization  of  the  multiple  re- 
gression analysis  technique,  performed  in  a  stepwise  manner 
by  an  electronic  computer.   The  computer  also  provided  the 
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standard  error  of  estimate,  and  the  squared  multiple  corre- 
lation coefficient  associated  with  each  formula. 

Within  each  soil  group  five  different  regression  pro- 
blems were  performed.   These  problems  are  described  as  follows: 

1.  Dependent  and  all  independent  variables  used 

in  linear  form  as  obtained  from  laboratory  data. 

2.  Dependent  variable  converted  to  common  logarithm 
for  use  in  regression;  all  independent  variables 
used  in  linear  form. 

3.  Dependent  and  all  independent  variables  converted 
to  common  logarithm  for  use  in  regression. 

4.  Dependent  variable  used  in  linear  form;  some  of  the 
independent  variables  converted  to  logarithmic  form. 

5.  Same  as  problem  4  except  a  different  set  of  inde- 
pendent variables  was  converted  to  common  logarithms. 

Examination  of  the  equations  of  Appendix  B  reveals  that 
little  reduction  in  the  standard  error  of  estimate  was  obtained 
by  the  various  logarithm  conversions.   The  use  of  logarithms 
was  felt  to  complicate  the  use  of  the  formulas  to  the  extent 
that  any  small  improvement  in  the  standard  error  of  estimate 
was  discounted.   On  this  basis  the  equations  of  problem  No.  1 
were  chosen  as  the  most  suitable  for  practical  use.   Within 
problem  No.  1  a  formula  was  chosen  which  minimized  the  stand- 
ard error  of  estimate  and  the  number  of  variables  used  and 
gave  a  squared  correlation  coefficient  in  the  upper  range  of 
values  obtained. 
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The  prediction  formulas  of  Appendix  B  Include  the  molded 
moisture  content,  w,  and  the  molded  dry  density,  W^.  The  re- 
gression analysis  was  performed  on  available  data  of  the  JHRP 
laboratory.   All  data  were  carefully  examined  and  the  only 
tests  used  were  those  for  which  the  molded  dry  density  and 
molded  moisture  content  corresponded  very  closely  to  the  opti- 
mum moisture  content  and  maximum  dry  density.   These  optimum 
conditions  are  expressed  as  functions  of  the  classification 
properties  in  Table  2.  When  these  expressions  for  MDD  and  0M0 
were  substituted  into  the  formulas  of  Appendix  B  for  «d  and 
w,  expressions  for  the' CBR  as  functions  of  the  classification 
properties  were  obtained.   Table  6  presents  the  best  predict- 
ion formulas  for  CBR  as  obtained  by  the  above  procedure. 

The  process  of  obtaining  the  regression  equations  for 
optimum  moisture  content,  maximum  dry  density,  and  CBR  neces- 
sitated the  determination  of  the  simple  correlation  coeffi- 
cients among  the  sample  properties.   This  correlation 
coefficient  measures  the  degree  of  association  between  two 
variables.   The  value  of  the  coefflent  varies  between  +  1.0 
and  -  1.0  with  +  1.0  indicating  a  "perfect"  direct  relation- 
ship and  -  1.0  indicating  a  "perfect"  inverse  relationship. 

Tables  No.  7,  No.  8,  No.  9,  and  No.  10  present  the  simple 
correlation  coefficients  among  the  soil  properties  of  A-hori- 
zon  soils,  B-horizon  soils,  C-horizon  soils,  and  nonplastic 
soils  respect! vely# 
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DISCUSSION 

Atterberg  Limits 

The  comparison  between  the  one-point  and  standard  liquid 
limits  showed  the  one  point  liquid  limit  to  be  within  2.0 
percentage  points  of  the  standard  liquid  limit  approximately 
97  percent  of  the  time.  Hampton  (10)  showed  the  error  of 
measurement  of  the  liquid  limit  as  determined  by  the  standard 
method  to  be  2.39  percentage  points.  The  one-point  liquid 
limit  is  therefore  seen  to  yield  results  which  lie  within  the 
limits  of  testing  reliability. 

Consideration  of  the  decreased  cost  of  determining  the 
Atterberg  limits  by  the  abbreviated  method  gives  added  desir- 
ability to  its  use.   During  the  months  of  August  1962  through 
March  1963  the  one-point  method  for  determining  the  liquid 
limit  was  used  on  104  soil  samples.   The  standard  method  for 
the  plastic  limit  determination  was  used.  The  cost  of  testing, 
exclusive  of  calculation  and  preparation  time,  was  $169.64  or 
$L.63  per  test. 

During  a  comparable  slx«month  period  from  December  1961 
through  July  1962,  130  samples  were  tested  using  the  standard 
methods  for  both  liquid  limit  and  plastic  limit  determination. 
The  cost  of  determining  the  Atterberg  limits  during  this 
period  was  $395.84  for  a  unit  cost  of  $3.04.  The  time  saving 
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factor  of  the  one-point  method  is  seen  to  have  decreased  the 
unit  cost  by  $1.41  per  test. 

On  the  basis  of  the  observation  that  a  large  percentage 
of  one-point  liquid  limit  values  lie  very  close  to  the  stand- 
ard liquid  limit  value,  it  is  concluded  that  use  of  the  one 
point  method  is  Justifiable. 

The  comparisons  of  the  standard  roll- out  method  and  the 
squash  method  for  the  determination  of  the  plastic  limit  sup- 
port the  conclusion  that  there  is  no  significant  difference 
between  the  values  obtained  by  these  methods.  Both  methods 
require  a  subjective  evaluation  by  the  operator  concerning 
the  precise  point  in  the  procedure  at  which  the  plastic  limit 
has  been  reached.  The  time  required  for  the  performance  of 
these  procedures  was  found  to  be  approximately  equal,  and  it 
is  concluded  that  the  cost  is  approximately  equal. 

The  conclusion  drawn  from  the  consideration  of  alterna- 
tive plastic  limit  determination  methods  is  that  they  are 
equal  in  reliability  and  cost.  It  would  seem  to  be  a  matter 
of  the  preference  of  the  individual  laboratory  or  operator 
as  to  which  method  should  be  used. 

Moisture-Density  Relationship  of  Soils 

Results  of  the  comparisons  between  the  one-point  com- 
paction method  and  the  standard  compaction  method  are  shown 
in  Table  1.  It  is  seen  that  for  both  the  Indiana  and  the 
Ohio  typical  curves  the  standard  deviation  of  the  differ- 
ences is  approximately  1.4  for  the  0M0  and  2.0  for  the  MDD. 
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Hampton  has  shown  the  error  of  measurement  for  OMC  and  MDD  as 
determined  by  the  standard  method  to  be  0,702  and  1,01  re- 
spectively (10),  The  one-point  method  result  is  seen  to  vary 
from  the  standard  method  result  approximately  30  percent  of 
the  time  by  an  amount  equal  to  or  greater  than  2.0  percentage 
points  for  OMC  and  2.0  pcf  for  the  MDD. 

The  one -point  OMC  was  within  i  3  percentage  points  of 
the  standard  95  percent  of  the  time  and  the  one-point  MDD  was 
within  4.5  pcf  of  standard  95  percent  of  the  time.  The  stand- 
ard deviations  and  95  percent  values  were  independent  of 
whether  the  Ohio  typical  curves  or  the  Indiana  typical  were 
used.  The  mean  difference,  however,  varied  somewhat  with  re- 
spect to  typical  curves  used.  The  mean  difference  for  both 
the  OMC  and  the  MDD  was  seen  to  lie  closer  to  zero  when  the 
Indiana  curves  were  used.  While  the  use  of  either  set  of 
typical  curves  yielded  values  for  OMC  which  were  higher  than 
standard  and  for  MDD  which  were  lower  than  standard,  the 
Indiana  set  provided  the  more  accurate  results. 

The  one-point  method  is  formulated  on  the  hypothesis 
that  similar  soils  result  in  similar  moisture-density  curves. 
The  families  of  curves  used  in  the  one-point  procedure  have 
been  developed  by  averaging  a  large  number  of  soil  samples 
of  glacial  origin.   The  fine  grained  soils  grouped  themselves 
around  the  lower  curves  in  the  family  while  those  materials 
with  a  large  percentage  of  coarse  material  form  the  upper 
curves.  Materials  which  display  uniform  size,  such  as  a  dune 
sand,  generally  display  a  MDD  which  Is  lower  than  the  OMC 
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would  Indicate  and  will  appear  below  and  to  the  left  of  the 
typical  curves.  For  this  reason  care  must  be  taken  to  use 
the  one-point  compaction  method  only  on  those  soils  to  which 
it  is  applicable.   Some  samples  may  have  been  Included  in  the 
comparison  study  for  which  the  method  was  not  applicable, 
thereby  making  the  method  appear  less  reliable. 

The  conclusion  drawn  on  the  basis  of  the  comparison  study 
and  the  foregoing  considerations  of  soil  type  is  that  the  one- 
point  compaction  is  a  reliable  procedure  for  glacial  soils. 
Since  a  large  portion  of  the  soil  in  the  state  of  Indiana  is 
of  glacial  origin,  the  method  should  find  wide  applicability. 

During  the  six-month  period  of  December  1961  through 
March  1963,  personnel  of  the  JHRP  laboratory  performed  114  com- 
paction tests  according  to  the  standard  procedure.  The  cost 
of  this  testing,  exclusive  of  preparation  and  calculation 
time,  was  0431.78  for  an  average  unit  cost  of  03.79.  During 
the  period  of  September  1962  through  March  1963,  66   one-point 
compaction  tests  were  performed  at  a  total  cost  of  087.32  or 
an  average  unit  cost  of  01.32.  The  use  of  the  one-point  pro- 
cedure is  seen  to  have  reduced  the  unit  cost  by  02.47. 

The  combined  consideration  of  the  accuracy  of  the  stand- 
ard procedure,  the  accuracy  of  the  one-point  procedure,  and 
the  reduction  in  unit  cost,  enhance  the  desirability  of  the 
one-point  compaction  procedure. 

Table  2,  presents  regression  equations  for  the  estimation 
of  the  OMC  and  MDD  as  functions  of  the  classification  pro- 
perties. The  equations  for  the  Ai  B7  and  C-horizon  soils 
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yield  a  standard  error  of  estimate  for  both  the  0M0  and  the 
MDD  of  approximately  1.5.   The  equation  for  the  MDD  of  non- 
plastic  soils  yields  an  estimate  which  is  slightly  less  re- 
liable. The  use  of  these  equations  yields  results  as  reliable 
as  the  one-point  compaction  procedure. 

It  is  concluded  that  either  the  one-point  compaction 
procedure  or  the  regression  equations  provide  a  rapid  method 
for  determining  reasonably  accurate  values  for  OMC  and  MDD; 

The  stepwise  regression  equations  given  in  Appendix  A 
provide  the  relationship  between  the  MDD  and  OMC  over  the 
range  of  values  normally  encountered  in  the  JHRP  laboratory. 
These  relationships  correspond  to  the  "line  of  optimums"  in 
a  family  of  typical  compaction  curves  and  are  shown  in  Figure 
13.   The  A-,  B-,  and  C-horizon  lines  of  optimums  follow  quite 
closely  the  Indiana  typical  curves  line  of  optimums.   The 
steepness  of  the  nonplastic  line  of  optimums  is  due  to  the 
large  number  of  dune  sands  included  in  the  nonplastic  soils. 
As  noted  earlier,  these  soils  have  both  low  OMC  and  low  MDD. 

In  all  the  equations  of  Appendix  A  the  minimum  standard 
error  is  seen  to  occur  before  all  the  independent  variables 
have  been  utilized.  The  high  degree  of  correlation  between 
some  of  the  independent  variables  themselves,  as  shown  in 
Tables  7,  8,  9,  and  10,  made  it  unnecessary  to  include  all 
the  independent  variables  to  obtain  the  best  prediction 
equation.   For  example,  the  PI  is  a  function  of  the  PL  and  LL, 
and  the  GI  is  highly  correlated  with  LL.  These  interactions 
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complicate  the  regression  and  in  the  later  stages  of  the  step- 
wise procedure  tend  to  increase  rather  than  decrease  the 
standard  error. 

In  summary  it  can  be  stated  that  a  high  degree  of  corre- 
lation exists  between  the  moisture-density  relationship  of  a 
soil  and  the  properties  of  the  soil  as  expressed  by  the  class- 
ification parameters.  These  classification  parameters  can  be 
used  directly  to  obtain  reliable  values  for  0M0  and  MDD. 

California  Bearing  Ratio 

The  California  Bearing  Ratio,  or  CBR,  is  a  soil  strength 
parameter  which  compares  the  penetration  resistance  of  a  given 
soil  with  that  of  a  typical  well  graded  granular  material. 
It  is  a  penetration  resistance  value  which  is  largely  ef- 
fected by  shearing  resistance  of  the  material.  The  CBR 
values  obtained  are  affected  by  the  soil  properties  as  well 
as  mold  size,  soaking  time,  surcharge,  etc.  The  U.  S.  Army 
Corps  of  Engineers  has  performed  a  rigorous  study  of  the  ef- 
fect of  the  above  properties  (21).  In  tests  which  were  used 
in  this  study  a  mold  6  inches  in  diameter  and  4.5  inches  high 
was  used  in  conjunction  with  a  four  day  soaking  period  and  a 
35  pound  soaking  and  testing  surcharge.  The  fact  that  these 
test  parameters  were  held  constant  for  all  tests  validates 
the  assumption  that  the  variability  in  the  CBR  values  is  due 
to  either  error  of  measurement  or  to  differences  in  soil  type. 

The  maximum  soaked  CBR  for  a  given  soil  sample  has  been 
shown  to  occur  when  that  sample  is  compacted  into  the  mold  at 
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optimum  moisture  content  (24),  The  determination  of  the  max- 
imum CBR  used  in  this  project  was  accomplished  by  compacting 
one  sample  at  the  optimum  moisture  content  and  performing  the 
penetration  test  on  this  sample  after  a  four  day  soaking 
period.  The  combined  operator  error  obtained  in  the  perfor- 
mance of  the  compaction  control  test  and  in  the  preparation 
of  the  OBR  specimen  bring  about  unavoidable  discrepancies 
between  the  optimum  and  the  molded  conditions.  This  discre- 
pancy, in  conjunction  with  the  error  of  measurement  associated 
with  the  penetration  test,  cause  added  variability  in  the  CBR 
results.  This  variability  has  been  lumped  together  and  ex- 
pressed quantitatively  as  the  standard  error  of  OBR  measure- 
ment. 

Estimates  were  obtained  of  the  standard  error  of  CBR 
measurement  for  each  of  the  three  soil  types  studied.  The 
clay  soil  yielded  an  estimate  for  the  standard  error  of  meas- 
urement of  1.30  percentage  points.  At  the  other  extreme,  the 
gravel  yielded  an  estimate  of  5.32.  The  silty  clay  soil  re- 
sulted in  an  estimate  of  4.40  for  the  standard  error  of  meas- 
urement • 

All  CBR  variability  not  attributable  to  the  error  of 
measurement  has  been  assumed  to  be  caused  by  differences  in 
soil  type.  Soil  type  is  defined  by  the  classification  pro- 
perties and  the  average  relationships  between  the  soil  type 
and  the  CBR  have  been  developed  by  the  multiple  regression 
technique.  Since  all  the  CBR  data  used  in  the  regression 
analysis  were  obtained  by  the  utilization  of  procedures  having 
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the  error  of  measurement  as  disoussed  previously,  the  stand- 
ard error  of  estimate  associated  with  the  regression  equation 
could  not  be  significantly  smaller  than  the  standard  error 
of  measurement.  Assuming  the  A-  and  C-horizon  soils  were 
represented  by  the  silty  clay,  the  B-horizon  soils  by  the  clay, 
and  the  nonplastic  soils  by  the  gravel,  a  direct  comparison 
has  been  made  between  the  standard  error  of  estimate  of  the 
regression  equations  of  Table  6  and  the  standard  error  of  CBR 
measurement.  This  comparison  is  presented  in  Table  9. 

The  error  associated  with  the  regression  equations  is 
nearly  equal  to  that  associated  with  the  test  procedure  for 
the  A-,  B-,  and  C-horizon  soils  and  slightly  larger  for  the 
nonplastic  soils.  While  the  reliability  of  the  regression 
equations  for  the  nonplastic  soils  is  lower,  these  soils 
usually  yield  CBR  values  which  are  higher  and  less  critical 
from  the  standpoint  of  design. 

TABLE  11.   COMPARISON  OP  REGRESSION  ERROR 

OP  ESTIMATE  AND  ERROR  OP  TESTING 
MEASUREMENT  —  CBR 


Soil  Group 

Error  of  Estimate 
(Percentage  Points) 

Error  of  Measurement 
(Percentage  Points) 

A-Horizon 

3.4 

4.4 

B-Horizon 

2.6 

1.3 

C-Horizon 

3.9 

4.4 

Nonplastic 

9.1 

5.3 

The  close  aggreement  between  the  error  of  estimate  and 
the  error  of  measurement  indicates  that  a  CBR  value  estimated 
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with  the  regression  equations  of  Table  6  is  as  reliable  a 
value  as  that  obtained  from  a  single  penetration  test  per- 
formed on  a  single  sample  of  a  plastic  soil.  The  magnitude 
of  the  standard  error  of  estimate  associated  with  the  equa- 
tions of  Table  6  Indicates  that  a  considerable  amount  of 
error  will  be  associated  with  their  use.  The  error  of  measure- 
ment, however,  is  also  large  and  indicates  that  from  the  stand- 
point of  the  testing  procedure  alone,  several  CBR  tests  should 
be  performed  and  an  average  value  obtained.  Had  such  a  mean 
value  for  CBR  been  used  in  the  developement  of  the  regression 
equations,  more  reliable  equations  would  probably  have  been 
obtained. 

Further  evaluation  of  the  regression  equations  was  ob- 
tained by  comparing  the  CBR  ranges  for  soil  groups  of  the 
unified  classification  system  as  suggested  by  the  Corps  of 
Engineers  (18),  with  values  estimated  by  the  regression  equa- 
tions. The  regression  equations  were  applied  to  typical  soils 
from  each  unified  soil  class  and  the  comparison  with  the  Corps 
of  Engineers  range  is  given  in  Table  12. 

The  CBR  values  estimated  by  the  regression  equations 
generally  agree  with  the  suggested  ranges  for  the  unified 
classification  groups.  The  discrepancies  that  do  exist  are 
for  the  gravel  soils  and  the  estimate  for  these  is  considerably 
lower  than  the  suggested  range.  The  agreement  for  the  fine 
grained  soils,  which  are  most  critical  in  design  is  generally 
quite  good.   The  conclusion  is  that  the  regression  equations 
yield  "reasonable"  estimates  of  CBR  for  the  plastic  soils. 
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TABLE  12.   COMPARISON  OP  REGRESSION  CBR 

WITH  CORPS  OP  ENGINEERS  SUGGESTED 
CBR  RANGE  FOR  UNIFIED  SOIL 
CLASSIFICATION  SYSTEM 


Unified 
Class 

Regression  CBR  for 
Typical  Soils* 

Corps  of  Engineers 
Suggested  CBR  Range 

GW 

** 

>60 

SW 

25-35 

20-40 

GP 

** 

25-60 

SP 

28-32 

10-25 

GM 

** 

>20 

SM 

10-28 

10-40 

GC 

** 

20-40 

SC 

2-10 

10-20 

ML 

5-10 

5-15 

MR" 

4-6 

<8 

CL 

9-12 

5-15 

CH 

4-6 

<4 

*Values  predicted  with  equations  of  Table  6 
using  typical  properties  of  soils  of  each  class. 

**No  applicable  regression  formula  available. 
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The  relationships  between  Individual  soil  properties, 
optimum  moisture  content,  maximum  dry  density,  and  Califor- 
nia Bearing  Ratio  are  given  in  the  form  of  simple  correla- 
tion coefficients  in  Tables  7,  8,  9,  and  10.  A  high 
correlation  coefficient  indicates  that  one  value  could  be 
predicted  as  a  function  of  the  other  with  a  high  degree  of 
reliability.  The  highest  degree  of  correlation  is  seen  to 
exist  between  the  optimum  moisture  content  and  maximum  dry 
density.  The  linear  regression  equations  expressing  this 
relationship  were  Incorporated  in  Figure  13*  The  relation- 
ship between  OBR  and  any  individual  soil  property  is  seen  to 
be  weak.  This  low  degree  of  correlation  is  reflected  in  the 
low  degree  of  reliability  of  the  OBR  regression  formulas  of 
Table  6.  Since  the  correlation  between  OBR  and  an  Individual 
property  is  weak,  it  is  possible  for  the  "best  fit"  line  to 
assume  either  a  negative  or  a  positive  slope  and  the  sign 
associated  with  that  variable  in  the  regression  equation  may 
be  different  from  the  sign  indicated  by  engineering  Judgment. 
This  low  degree  of  correlation  with  the  dependent  variable, 
and  the  interrelationships  between  independent  variables, 
complicates  the  regression  analysis  and  in  the  later  stages 
of  the  stepwise  procedure  often  causes  changes  in  the  sign 
of  the  coefficient  of  the  independent  variables  as  well  as 
Increases  rather  than  decreases  the  standard  error  of  estimate 

This  study  of  the  California  Bearing  Ratio  has  shown 
that  the  error  of  measurement  is  quite  large  but  that  esti- 
mates of  CBR  can  be  made  on  the  basis  of  a  knowledge  of  the 
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classification  properties,  A  considerable  amount  of  error  is 
associated  with  these  estimates.  The  equations  provide  an 
approximation  which  is  more  reliable  for  plastic  soils  than 
nonplastlc  soils. 
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SUMMARY 

This  study  considered  alternative  methods  for  the 
determination  of  the  classification,  compaction,  and  CBR 
properties  of  soils.  Pang's  flow  index  method  was  shown 
to  be  a  reliable  procedure  for  the  determination  of  the 
liquid  limit.   It  was  shown  that  the  one-point  method  is 
more  economical  than  the  standard  method. 

The  squash  test  for  the  determination  of  the  plastic 
limit  was  shown  to  be  comparable  in  reliability  to  the  roll- 
out method  but  no  savings  of  time  or  money  were  evident. 

The  one-point  compaction  method  utilizing  the  typical 
moisture-density  curves  was  seen  to  be  reliable  for  the  soils 
studied.  Regression  equations  were  developed  for  the  estima- 
tion of  the  optimum  moisture  content  and  maximum  dry  density 
as  functions  of  the  classification  properties. 

Study  of  the  error  of  measurement  associated  with  the 
California  Bearing  Ratio  showed  this  value  to  be  quite  high. 
Regression  equations  for  the  prediction  of  the  CBR  as  functions 
of  the  classification  properties  were  developed  and  shown  to 
provide  CBR  approximations  which  were  reliable  for  the  plas- 
tic soils  studied. 
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PROPOSED  RESEARCH 

Consideration  of  the  routine  soil  tests  and  the  rela- 
tionship among  soil  type,  compaction  characteristics,  and 
California  Bearing  Ratio,  has  indicated  a  need  for  further 
research  in  two  respects. 

First,  a  more  thorough  knowledge  of  the  validity  of  the 
routine  tests  to  be  used  in  conjunction  with  quality  control 
type  specifications  is  needed.  The  error  of  measurement  for 
each  test  should  be  determined  and  this  error  used  in  con- 
Junction  with  confidence  limits  to  establish  acceptable 
ranges  for  control  specifications. 

Second,  developement  of  a  concise,  quantitative  expres- 
sion for  soil  type  would  greatly  facilitate  soil  classifi- 
cation.  Special  consideration  should  be  given  to  formulating 
a  means  of  expressing  the  grain  size  distribution  of  a  soil 
in  a  manner  which  is  brief  but  unique  with  respect  to  that 
soil.   Combinations  of  grain  size  and  plasticity  have  been 
used  to  classify  soils  into  broad  categories  but  greater 
refinement  is  desirable. 
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NQTATI ON 

The  symbols  used  in  the  tables  in  this  section  and  not 
previously  defined  have  the  following  meaning: 
MDD  =  Maximum  Dry  Density  (pcf) 
.  OMC  =  Optimum  Moisture  Content  {%) 
PL  =  Plastic  Limit  (%) 
LL  =  Liquid  Limit  (%) 
PI  =  Plasticity  Index  {%) 

G   =  Percent  of  material  retained  on  a  No.  40  sieve  {%) 
S   =  Percent  of  material  passing  a  No.  40  sieve  but 

larger  than  0.05  mm  (%) 
P   =  Percent  of  material  smaller  than  0.05  mm  (%) 
GI  =  Group  Index  defined  according  to  the  AASHO 

Classification  System 
PA  =  Fineness  average  determined  by  taking  one-sixth  of 

the  total  percentages,  by  weight,  of  the  following 

sizes:  No.  10  sieve,  No.  40  sieve,  No.  200  sieve, 

0.02  mm,  0.005  mm,  and  0.001  mm. 
N   =  Nonplastic  soil  problems  indication.  N  designates 

whether  any  of  the  Atterberg  limits  were  obtainable, 

N  =  1  if  any  limit  measurable.   N  =  2  if  no  limit 

measurable. 
R   =  Multiple  Correlation  Coefficient 
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Summary  of  Regression  Equations 
for  California  Bearing  Ratio 
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NOTATION 

The  symbols  used  in  the  tables  in  this  section  and  not 
previously  defined  have  the  following  meaning: 
ya  =  Molded  Dry  Density  (pcf) 
W  =  Molded  Moisture  Content  (%) 
PL  =  Plastic  Limit  (%) 
LL  =  Liquid  Limit  {%) 
PI  =  Plasticity  Index  {%) 

G  =  Percent  of  material  retained  on  a  No.  40  sieve  {%) 
S  =  Percent  of  material  passing  a  No.  40  sieve  but 

larger  than  0.05  mm  (%) 
P  =  Percent  of  material  smaller  than  0.05  mm  {%) 
GI  =  Group  Index  defined  according  to  the  AASHO 

Classification  System 
PA  =  Fineness  average  determined  by  taking  one-sixth  of 

the  total  percentags,  by  weight,  of  the  following: 

No.  10  sieve,  No.  40  sieve,  No.  200  sieve,  0.02  mm, 

0.005  mm,  and  0.001  mm. 
C3R  =  0.1"  California  Bearing  Ratio  {%) 
R  =  Multiple  Correlation  Coefficient. 


78 


2 


en 

S3 
M     • 

«o 

m  a 

npq 

§§ 

OPM 

p=« 

M    I 

38 
•H 
EH 

•  •  Cd 

otW 

E-«  PM 

hlO 
t>« 
OT  Pm 

o 

525IH 
OEH 
M<f 
OT  O 

C5  OT 
WOT 
««»? 

SO 

o 

Ni-3 
M  M 

«o 

OOT 

w 
i  a 

<}  o 


CVJ 

W 

►3 

m 

6-1 


VO 

o 

OJ 

tO 

ON 

o 

in 

vo 

o 

H 

VO 

vo 

-=t 

VO 

t- 

ON 

CT\ 

o\ 

H 

H 

OJ 

r-l 

OJ 

KN 

KN 

K> 

tn 

m 

KN 

•* 

^t 

ftt 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

o 

o 

O 

O 

o 

o 

o 

o 

O 

•   fn 

in 

t- 

o 

b-  " 

VO 

VO 

co 

H 

H 

^« 

«o  O 

t» 

tn 

■it 

KN 

tO 

KN 

IO 

•st 

-3- 

^« 

+»  JM 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

OT  U 

m 

m 

^ 

K> 

m 

K> 

m 

K> 

m 

m 

•< 

51 

«*l 

-*} 

PM 

PM 

Pm 

fe 

<{ 

o 

m 

00 

t- 

fo 

OJ 

. 

H 

H 

H 

o> 

• 

• 

• 

• 

iH 

o 

O 

O 

O 

• 

o 

♦ 

+ 

+ 

+ 

+ 

(H 

M 

M 

M 

M 

o 

C5 

O 

O 

CD 

HI 

VO 

ro 

O 

m 

K> 

o 

-* 

OJ 

IO 

m 

•it 

VO 

• 

• 

• 

• 

• 

Jt 

o 

o 

o 

o 

O 

• 

o 

1 

1 

1 

i 

1 

1 

PM 

►3 

fc3 

►3 

h3 

t-3 

Ph 

Ph 

PM 

Pm 

Pm 

H) 

CO 

d 

tO 

^f 

00 

vo 

OJ 

PM 

VO 

o 

OJ 

OJ 

OJ 

OJ 

OJ 

<t 

• 

•H 

• 

• 

• 

• 

• 

VO 

-=r 

*» 

o 

o 

o 

o 

o 

• 

as 

< 

1  Pm 

d 

+ 

+ 

+ 

+ 

+ 

1 

H 

tf 

OTCO 

M 

OT 

OT 

OT 

OT 

OT 

OT 

tn  • 

ON 

ON 

•H 

00 

b- 

00 

CO 

t-o 

d 

O 

o 

r-l 

O 

O 

o 

O 

• 

o 

• 

• 

• 

• 

• 

« 

• 

o  + 

«H 

o 

o 

O 

o 

o 

o 

o 

CO 

M 

+  M 

to 

1 

1 

1 

I 

1 

1 

1   PM 

PM 

a> 

VO 

TO 

U 

-d 

n 

•d 

TJ 

•d 

•d 

•d 

•CCO 

J)  ON 

t>0 

X> 

3) 

J) 

J> 

7> 

33 

3) 

35    . 

l-i     • 

<D 

co 

t- 

•*t 

t- 

r-i 

m 

OJ 

OJ-* 

in^- 

« 

in 

in 

-St 

-st 

in 

in 

in 

in 

• 

• 

• 

• 

• 

• 

• 

• 

•  i 

o  t 

o 

o 

o 

o 

o 

o 

o 

t-3 

o 

i  i-3 

i 

i 

1 

1 

i 

1 

1    H) 

VO 

s  in 

g 

> 

* 

£ 

* 

* 

£ 

ISO 

£  o\ 

VOOs 

H 

vo 

CO 

VO 

in 

VO     • 

00     • 

vo    • 

NO 

VO 

VO 

vo 

VO 

t- 

*- 

t>-o 

VO-St 

•  -* 

• 

• 

• 

• 

• 

• 

• 

• 

• 

H 

o 

H 

iH 

iH 

H 

H 

iH 

•H   + 

i-»  + 

+ 
1 

1 

1 

1 

1 

1 

1 

1   C!> 

1  C5 

1  o 

o\ 

vo 

co 

HO 

OJ 

OO 

o\ 

VO 

b- 

b- 

mo 

mo 

^j-o 

to  ON 

t- 

CO 

in 

-«t 

ro 

o\ 

iH    • 

t—  • 

OJ     • 

•    • 

• 

• 

• 

• 

• 

• 

•  o 

♦  o 

•  o 

■=t  o 

00 

VO 

co 

o 

in 

iH 

o 

o 

00 

iH 

o\ 

o\ 

CO 

CO 

CO 

CO    + 

CO  + 

t-  + 

1  + 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

« 

« 

M 

« 

« 

K 

« 

tt 

m 

P3 

m 

pq 

m 

pq 

PQ 

PQ 

pq 

pq 

pq 

pq 

o 

o 

o 

o 

o 

o 

o 

o 

° 

o 

79 


o 

M 
6h 

2 

o  oj 

a 

So 
S* 


MPQ 

SO 

O  A* 
M    I 

§& 

M 

••  at 

coS 

EH  P4 
I-30 

P4 


£ 


O 

Bm 

06-i 

M«J 
CO  o 
CO  M 
Wfe 
«M 

55  co 
Wco 

«3 

SO 
o 

MM 

«o 

O  CO 

w 

«j  o 


43 

kn 

CM 


9 


tO 

in 

CM 

CO 

ON 

H 

00 

kn 

kn 

•st 

CM 

ON 

m 

t- 

o 

O 

H 

M 

•St 

■st 

5 

« 

H 

m 

m 

-st 

-st 

•*t 

-=t 

■St 

•st 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

O 

o 

o 

o 

o 

O 

o 

o 

O 

O 

o 

CM 

CO 

•st 

vo 

C— 

CO 

VO 

CO 

O 

•  fc 

CVI 

O 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

o 

•CJ  o 

CM 

CM 

M 

rH 

H 

M 

H 

M 

M 

CM 

■p  h 

CO  fri 

o 

O 

o 

O 

O 

o 

o 

o 

O 

O 

^ 

21 

<l 

-a} 

«4 

<4 

fr 

fe 

to 

Pn 

fk, 

fe 

CM 

J* 

-st 

-st 

vo 

vo 

O 

o 

o 

O 

O 

O 

O 

o 

o 

O 

o 

O 

• 

• 

• 

• 

• 

• 

o 

o 

o 

o 

o 

o 

+ 

+ 

+ 

+ 

+ 

+  KN 

in 

to' 

CO 

CO 

CO 

CO 

CO 

coo 

-St 

KN 

m 

-st 

in 

•st 

ON    • 

o 

O 

o 

o 

o 

o 

•st  O 

o 

O 

o 

o 

o 

o 

o 

• 

• 

• 

• 

• 

• 

•  + 

o 

o 

o 

o 

o 

oo 

CM 

o 
o 

1 

1 

f 

1 

1 

1  o 

o 

+  vo 

in 

a 

-3* 

■£* 

-S* 

•n 

•tf 

TJ 

n  • 

no 

o 

2) 

2> 

30 

2) 

2) 

2> 

2>o 

2)   • 

«H 

*t 

■st 

in 

vo 

in 

in 

in 

ino 

•P 

CM 

CM 

CM 

CM 

CM 

CM 

CM  + 

CM 

a5 

O 

O 

o 

O 

o 

o 

o 

o  + 

3 

• 

• 

• 

• 

• 

•M 

•  M 

• 

o4 

o 

o 

o 

o 

o 

O  Ai 

O  A* 

OM 

W 

CM 

CM 

M 

1 

1 

1 

1 

t 

i  co 

1    ON 

i  in 

!3 

KN 

kn 

ON 

O 

M 

hH 

^ 

1-3 

hH 

£ 

1-3     • 

A   • 

h3KN 

«H 

M 

PM 

P4 

PM 

M 

FM 

MO 

pmo 

M     • 

09 

CM 

in 

kn 

•st 

-st 

O 

m 

KN 

UNO 

09 

kn 

CM 

CM 

CM 

CM 

CM 

VO   1 

b-   1 

t- 

<D 

o 

o 

o 

O 

O 

O 

KN 

KN 

KN   I 

U 

• 

• 

• 

• 

• 

•►H- 

•  ^ 

•tA 

• 

b0 

o 

o 

o 

O 

o 

Orf 

Oh) 

Ol-3 

O^ 

© 

t- 

o 

CO 

HH 

« 

+ 

+ 

+ 

+ 

+ 

+  o 
o 

1    ON 

kn 

1   ON 
KN 

1    M 

o 

* 

Js 

* 

fr 

* 

> 

!*   • 

>  • 

>     • 

IS^st 

ON 

m 

t- 

ON 

o 

M 

-si-  O 

coo 

t-o 

VO     • 

KN 

c*- 

o 

o 

M 

H 

M 

o 

o 

OO 

O 

o 

M 

H 

M 

H 

H   + 

M   + 

M   + 

H 
O 

O 

o 

o 

o 

O 

OM 

O  M 

O  M 

O  M 

e 

O 

e 

e 

M 

1 

i 

1 

1 

1 

i  in 
o 

1  CO 
M 

1   CM 
CM 

1  o 

CM 

1  O 
O 

in 

CM 

VO 

VO 

CO 

mo 

kno 

CM  O 

■to 

VOCM 

kn 

O 

co 

in 

in 

CM    • 

CM     • 

t-    • 

H     • 

ONO 

in 

■st 

VO 

oo 

t- 

coo 

COO 

VOO 

VO  O 

c-  • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•  o 

M 

H 

•^ 

•st 

•si- 

■st i 

^t  1 

-st    1 

-st    1 

o 
t   1 

II 

II 

II 

II 

II 

ll 

ii 

II 

II 

II 

« 

« 

« 

« 

« 

« 

« 

« 

« 

(X 

pq 

pq 

PQ 

pq 

pq 

pq 

PQ 

pq 

PQ 

PQ 

o 

o 

o 

o 

D 

o 

o 

o 

O 

o 

b0 

bo 

bO 

bO 

b0 

b0 

bO 

bO 

bO 

bO 

o 

o 

o 

o 

o 

o 

o 

O 

O 

O 

M 

M 

H 

H 

H 

M 

M 

M 

H 

M 

80 


K> 

o\ 

00 

O 

CM 

KN 

MO 

e>- 

t- 

CO 

CM 

On 

vo 

CO 

CM 

CM 

-st 

^f 

-5f 

-=t 

-=}■ 

fC 

rH 

K> 

m 

-* 

-* 

-st 

•=* 

-sf 

-st 

■^ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

O 

O 

o 

o 

O 

O 

o 

o 

O 

o 

•  u 

o 

o 

in 

CM 

<t 

CM 

to 

in 

t- 

ON 

tJ  o 

CVJ 

o 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

On 

•P  U 

OJ 

CM 

H 

H 

H 

rH 

rH 

H 

<r\ 

i-i 

Mfi 

o 

O 

o 

O 

O 

O 

o 

o 

O 

O 

hI 

►Q 

►3 

►H 

vA 

r3 

a 

4 

•4 

a 

bO 

4 

o 

O 

o 

o 

o 

O 

H 

H 

rH 

H 

rH 

H 

O 

t«- 

t- 

CM 

CM 

ON 

CM 

O 

^- 

in 

MD 

vo-aj 

• 
O 

• 
KN, 

• 

• 

• 
KN 

(Obb 

+ 

+ 

+ 

+ 

+ 

+  o 

H 

8 

if 

2) 

s" 

J> 

TIO 

2)  CM 

bO 

b0 

bO 

bO 

bO 

bO   • 

O 

o 

O 

O 

o 

o 

oo 

H 

H 

H 

H 

H 

H 

r^    1 

CM 

in 

O 

CM 

t- 

m 

VO 

o 

CO 

•st 

in 

-* 

inp* 

-sf  ek, 

• 

• 

• 

• 

• 

•  bO 

•  bO 

in 

-«r 

in 

in 

in 

in  o 

in  o 

i 

i 

i 

i 

i 

1    rH 

1  H 

c- 

CO 

CO 

CO 

CO 

CO 

CO  CM 

COCM 

CO 

bO 

bO 

bO 

bO 

bO 

bO    • 

bO    • 

o 

to 

o 

o 

o 

o 

o 

OO 

OO 

o 

H 

H 

H 

H 

H 

H   + 

H   + 

^1 

H 

CM 

CM 

CM 

in 

in 

ON 

O 

49 

o 

CM 

CM 

CM 

CM 

CM  CO 

rH  CO 

CM  O 

CM 

• 

• 

• 

• 

•  bO 

•  bO 

•  bO 

• 

o 

O 

o 

o 

o  o 

O  O 

o  o 

o 

1 

1 

1 

1 

1  rH 

1   H 

1   H 

1 

CM 

CM 

CM 

i-3 

tl 

r3 

h* 

PIO 

rlO 

►HO 

o 

PH 

rH 

Pm 

PM 
bO 

Pm 
bO 

PM 

bO 

% 

PH    • 
bOO 

PM    • 
bOO 

W)0 

•H 

bO 

bO 

o 

O 

o 

o 

o  | 

O    1 

O    1 

01 

o 

O 

H 

H 

H 

H 

iH 

H 

H 

CO 

,— 1 

H 

ON 

O 

IO 

HM 

Mrf 

ONM 

-sj-  M 

so 

ttO 

in 

ON 

00 

• 

• 

On 

• 

CM  CO 

rHCD 
•  bO 

HC0 

•  bO 

CM  CO 
•  bO 

• 

• 

iH 

H 

O 

rH  O 

H  O 

H  O 

H   O 

a> 

H 

H 

+ 

+ 

1 

1  H 

1  H 

1   rH 

1   t-i 

« 

& 

+ 

+ 
1) 

5 

& 

& 

S)    • 

bo  • 

CM 

bo  • 

rH 

bO    • 

O 

o 

o 

oo 

oo 

OO 

OO 

o 

o 

o 

H 

H 

H 

rH    1 

H  1 

H    1 

H    1 

r-l 

H 

H 

ON 

MO 

rH 

m 

H 

CO 

t- 

ON 

in 

H 

in 

MO 

MD  M 

VOH 

^-t* 

^r^ 

^fc* 

vo 

OJ 

tO 

• 

• 

•Ph 

♦  Pm 

•PM 

•  pm 

•  PM 

• 

• 

• 

Jt 

J* 

-st  bO 

<fr  bO 

■st  bO 

■st   bO 

-sj-   bO 

,— 1 

K\ 

m 

i 

t 

1    o 

1    o 

1  o 

1    O 

1    o 

1 

1 

1 

H 

H 

H 

H 

H 

o 

jfr 

CMl— 

j^-VO 

Ht- 

t^t^- 

in  on 

in 

■=t 

m 

rH 

MD 

CM  CO 

■*  ON 

f^ON 

ONON 

O  ON 

On 

• 

CM 

• 

• 

• 

in 

• 
•it 

•    • 

mo 

•     • 

ino 

•    • 

ino 

•     • 

■*t  o 

•   • 
ino 

CM 

OJ 

CM 

H 

H 

r*    1 

H    1 

H   1 

iH    1 

H    1 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

PS 

« 

P4 

« 

« 

« 

« 

PeJ 

« 

M 

TO 

pp 

PP 

PQ 

pq 

P0 

PQ 

PQ 

PQ 

pq 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

bO 

bO 

hO 

w 

b0 

bO 

bO 

bO 

bO 

bO 

O 

o 

o 

o 

o 

° 

o 

o 

o 

o 

H 

rH 

H 

H 

rH 

H 

H 

rH 

H 

rH 

81 


a 


0-=* 

a 

M     • 

tf  o 

S* 

PQ  S 

<t)H* 

HPQ 

SO 

«« 

o  pm 

^ 

M    1 

t-3 

«!  CO 

O  W 

M 

e* 

••« 

CO  « 

Eh  CM 

hIO 

t>« 

CO  PM 

w 

«  53 

o 

SM 

OM 

M-Jj 

CO  o 

CO  M 

Wfe 

Mm 

Ci>  CO 

W  CO 

««*} 

l-Q 

sso 

o 

NJ  h! 

MM 

«o 

O  CO 

W 

1    55 

«»JO 

• 

m 

oi 

W 

h1 

pq 

«H 

en 

t— 

^* 

o\ 

m 

t- 

OJ 

o\ 

-!* 

t*- 

o- 

OJ 

vo 

ON 

00 

o 

o 

OJ 

CVJ 

to 

m 

tn 

« 

M 

OJ 

m 

-* 

-=* 

-* 

■st 

-3- 

<t 

^- 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

•  j-i 

T3  O 

m 

00 

t» 

VO 

00 

CO 

Ov 

M 

K> 

t>- 

+>  Ji 

t— 

-=*• 

OJ 

CM 

CVI 

OI 

OJ 

m 

KN 

tn 

"S 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

fO 

to 

KN 

IO 

k\ 

IO 

m 

KN 

m 

m 

P* 

Pm 

Ft, 

bO 

Pet 

h 

fe 

bO 

bO 

O 

bO 

bO 

bO 

O 

O 

M 

o 

o 

o 

M 

H 

VO 

M 

M 

M 

-=t 

<* 

VO 

vo 

m 

00  H>. 

in 

0- 

• 

m 

m 

00  Hi 

• 

• 

OJ 

• 

• 

•  OJ 

t- 

t- 

M 

o\ 

M 

0- 
M 

VO  O 

M     • 

i 

1 

1 

1 

1 

O 
1 

hH 

h» 

h1 

t-3 

+ 

^) 

PM 

PM 

Pi 

h^ 

i-3 

Hi 

bO 

bO 

bO 

PM 

P«  C5 

Pm  cJJ 

o 

O 

O 

O 

bO 

bO<f 

bO-3- 

M 

M 

M 

M 

o 

o  o 

O  O 

M 

in 

OJ 

VO 

M 

M     • 

M    • 

C- 

H 

OJ 

in 

ON 

oo  o 

OO 

• 

• 

• 

• 

M 

t- 

m 

l*"\ 

CVJ 

o 

o 

• 

•  + 

•  + 

$3 

M 

M 

M 

M 

CO 

t>- 

vo 

o 

M 

M 

M 

•H 

+ 

+ 

+ 

+ 

+  Cj> 

+  C5 

+  e 

•p 

•rt 

bO 

bO 

bO 

cd 

X> 

J? 

«J7* 

.S* 

J? 

tJO 

JJ30 

JJO 

3 

vo 

» 

» 

3) 

DO 

Dm 

X>M 

»M 

o« 

in 

-=t 

-=* 

l>- 

O 

OnM 

O  ON 

oop 
m^F 

M 

• 

-st 

■* 

-=t 

in 

-=t  o 

mm 

o 

• 

• 

• 

• 

•     » 

•   • 

•   • 

S3 

o 

O 

o 

o 

O  CVJ 

O  M 

O  M 

O 

i 

M 

i 

1 

1 

1 

1  + 

1     + 

1     + 

a 

CO 

CO 

CO 

to 

CO 

CO 

CO 

CO  <*! 

CO  «*} 

CO  «4 

CO  -a| 

0> 

bO 

o 

bO 

bO 

bD 

bOP, 

bOJfc, 

bOH, 

bOfc 
O   W) 

u 

o 

M 

o 

o 

o 

O  bO 

O  bO 

O   bO 

bO 

M 

ON 

M 

M 

M 

M   O 

M   O 

M    O 

M   O 

<D 

ON 

KN 

in 

0J 

OJ 

KNM 

COM 

VO  M 

O  M 

« 

<* 

• 

o 

in 

m 

CVJ  m 

vovo 

ONOI 

ONf- 

• 

in 

• 

• 

• 

•VO 

•ON 

•t- 

•■* 

in 

1 

in 

t- 

t- 

0-    • 

in 

00     • 
KN 

c—    • 
vo 

C—     • 

VO 

1 

i 

t 

i 

1   M 

1  M 

1   M 

1    M 

* 

!* 

* 

* 

> 

&  + 

g  + 

*    + 

*    + 

O 

On 

VO 

o\ 

vo 

M 

in 

ON 

ON 

VO 

vo 

• 

VO 

VO 

VO  M 

VO  M 

VOM 

inM 

mM 

• 

• 

M 

• 

• 

•Pm 

•  Pm 

•  Pm 

•  PM 

•  Pm 

o 

O 

M 

M 

M   bO 

M  bO 

M  bO 

M   bO 

M  bO 

1 

O 

o 

O 

O 

O 

1 

1 

1 

1 

1    M 

1    M 

1   M 

1   M 

1  M 

O 

in 

OJ 

M 

O 

m 

OJ 

M 

M 

M 

-=* 

ON 

-3-  f\ 

inoj 

vo  K> 

OJ  t— 

t^ 

O 

• 

M 

t» 

O     • 

o    • 

co    • 

00     • 

ON     • 

• 

• 

m 

• 

• 

•  M 

•  OJ 

•  m 

•  K>i 

•  m 

co 

t- 

O 

H 

O 

t- 

CVJ 

On 

M 

OJ 

M 

CVJ 

M 

O- 

ON 

o\  1 

00    1 

ON    1 

On    1 

ON    1 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

« 

« 

« 

« 

« 

« 

« 

« 

« 

« 

pq 

pq 

PQ 

ea 

PQ 

PQ 

PQ 

PQ 

PQ 

PQ 

o 

o 

O 

o 

o 

O 

o 

o 

O 

O 

82 


pp 


CO  W 
EH  PM 

W  Pm 
W 

«  s 
o 

525M 

coo 


§ 


«M 
C5  CO 

Wto 

"a 

a  o 
o 

MM 
«  O 
O  CO 

m 

i  ^ 

-<  O 


0) 

m 
CM 


2 


tn 

in 

cvi 

CO 

ON 

H 

00 

m 

m 

-st 

CVJ 

ON 

KN 

C- 

O 

o 

H 

M 

-st 

^ 

-st 

« 

M 

K> 

KN, 

-st 

-st 

-sf 

-st 

-st 

-st 

^- 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

o 

o 

O 

O 

O 

O 

O 

O 

O 

•  fc 

■oo 

in 

CO 

t- 

VO 

CO 

CO 

On 

H 

m 

t>- 

-p'h 

t- 

•st 

CVJ 

CVJ 

CVJ 

CVJ 

CM 

m 

tn 

m 

COfc 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

W 

K\ 

m 

m 

m 

m 

tn 

tn 

K\ 

kn 

r<> 

h 

PM 

PM 

Ph 

to 

to 

to   b0 

in 

t- 

-st 

O 

vo 

t-  o 

o 

in 

VO 

t- 

t- 

r-M 

• 

• 

• 

• 

• 

•  co 

o 

o 

o 

O 

o 

o  o 

i 

i 

1 

1 

1 

1  o 

i-3 

M 

A 

A 

Hi 

M 

Hi    + 

to 

PM 

to 

to 

Ph 

to 

to 

• 

ON 

CO 

o 

Ov 

CM 

t-M 

CO  M 

M 

M 

m 

m 

-st 

-ste 

•st  e 

• 

• 

• 

• 

• 

•  bO 

•  bO 

o 

o 

o 

o 

O 

o  o 

M 

o  O 

M 

+ 

+ 

i 

1 

1 

1   ON 

M 

1   KN 
M 

T* 

n 

Ti 

*S 

TJ 

■O 

T*  • 

-3*  • 

o 

3D 

2> 

30 

30 

x> 

30 

30  CM 

35  CM 

o 

VO 

in 

C- 

CO 

CO 

M 

O 

M 

M 

in 

■st 

-st 

•st 

^sj- 

in 

m  + 

m  + 

"p 

• 

• 

• 

• 

• 

• 

• 

• 

$ 

o 

O 

O 

O 

o 

o<*{ 

0<j 

O  <} 

B 

to 

fc 

fe 

o* 

i 

1 

1 

1 

1 

1  o 

1  o 

1  M 

H 

M 

M 

H 

CO 

CO 

CO 

CO 

CO 

CO     • 

CO    • 

CO     • 

a 

CO 

bO 

bO 

bO 

bO 

bO 

bOO 

bOO 

bOO 

o 

to 

o 

o 

o 

o 

o 

o 

o 

O 

M 

O 

M 

M 

M 

M 

M 

M   + 

H  + 

M    + 

n 

H 

VO 

in 

O 

CO 

CM 

ON 

c~ 

CM 

n 

VO 

OV 

t>- 

t- 

VO 

O 

f-fe 

mjk, 

l^fc 

<D 

t«- 

• 

• 

• 

• 

•  l*« 

•  bO 

•  bD 

•  bO 

H 

• 

in 

in 

in 

in 

co  bo 

t-  o 

On  O 

ON   O 

bO 

in 

o 

M 

H 

M 

a 

i 

i 

i 

i 

1   M 

1  ON 

1  CO 

1  VO 

« 

i 

CO 

VO 

VO 

m 

& 

> 

& 

& 

* 

bO 

S, 

bO    • 

*     • 

bOM 

WON 

boo^ 

bO 

o 

o 

O 

O 

O  f- 

O  M 

OM 

OM 

O 

o 

H 

M 

H 

M 

M 

M 

H 

M 

H 

H 

on 

-st 

m 

H 

M    1 

VO    1 

M    1 

m  i 

H 

m 

CVJ 

m 

kn 

O 

co 

in 

-st 

CM 

-st 

CO 

• 

• 

• 

•M 

•  h> 

•M 

•►3 

•M 

• 
VO 

• 
O 

m 
c- 

c- 

CVJ 

t>- 

Era 

p3 

e3 

mi4 
t>-  bD 

in  h\ 

CM 

m 

O 

o 

o 

o 

o 

i 

i 

i 

1   M 

1   M 

1   M 

1   M 

1  M 

1 

i 

in 

O 

in 

t*- 

o 

o 

CM 

tn 

m  m 

00  o 

vovo 

mo 

CM  CM 

co 

CO 

CM 

-st 

in 

-st     • 

M     • 

-st     • 

CO    • 

m  • 

co 

in 

• 

• 

• 

•vo 

•  CM 

•  in 

•  b- 

•t^- 

• 

• 

in 

ON 

o 

m-st 

^t  in 

mm 

voin 

vom 

o 

m 

vo 

^t 

in 

o 

M 

M 

CM 

CM 

-si- 

in 

M 

M 

M 

M   + 

H  + 

M  + 

M  + 

M  -t 

ll 

n 

II 

II 

II 

II 

II 

II 

II 

n 

« 

« 

« 

PCS 

« 

ft 

« 

PI 

PS 

cd 

(P 

pq 

pq 

m 

PQ 

n 

pq 

pq 

pq 

pq 

o 

o 

D 

o 

o 

o 

o 

o 

o 

O 

83 


t 


PQ  S3 

m  m 
« 

O  Pi 

M     I 

H> 

38 
M 
&1 

•*  03 

e-«  Pi 

HlO 

CO  Pi 

W 

«  5s; 
o 

M«! 
CO  o 
CO  M 

Mm 

O  CO 
pqco 
«<«! 
t-1 
a  o 
o 

KJ  H> 
M  M 

«o 

O  CO 

m^ 
I  S3 

PQ  o 


3 

CVI 
« 

Hi 

PQ 
< 
en 


t«- 

CM 

o 

00 

CO 

Ov 

to 

H 

in 

VO 

CM 

Ov 

o\ 

H 

-S}" 

in 

•st 

in 

t- 

CO 

to 

OS 

• 

IO 

• 

-st 

• 

-*t 

• 

<* 

• 

in 

• 

in 

• 

in 

• 

m 

• 

vo 

• 

O 

o 

O 

o 

o 

o 

o 

o 

o 

o 

•n  o 

On 

-3- 

H 

CM 

H 

in 

-S* 

CM 

Ov 

to 

•P    rH 

VO 

• 

to 

CM 

• 

tO 

CM 

• 
to 

rH 

• 

to 

rH 

• 

to 

co 

• 

CM 

CO 

• 

CM 

co 

• 
CM 

t— 

• 

CM 

VO 

• 
CM 

1 

hi 

h! 

Hi 

Hi 

Hi 

Pi 

S 

Pi 

Pi 

Pi 

CO 

vo 

CM 

VO 

•st 

■st 

to 

■st 

^- 

^- 

• 

• 

• 

• 

• 

o 

rH 

rH 

rH 

rH 

+ 

1 

1 

1 

1 

Hi 

Hi 

Hi 

Hi 

Hi 

Hi 

Hi 

Hi 

co 

Hi 

►A* 

Hi 

Hi 

H 

to 

in 

-st 

Ov 

•st 

•3- 

^t  • 

in 

•sl- 

• 

• 

• 

• 

• 

• 

o 

iH 

rH 

rH 

rH 

o 

+ 

+ 

+ 

+ 

1 

+ 

M 

HI 

HI 

HI 

M 

n 

rjj 

C3 

e 

CJ 

in 

o 

•»* 

§ 

co 

-si- 

• 

O 

to 

-«t 

• 

o 

VO 
rH 

• 
O 

CO 
H 

• 
O 

vo 

o 

• 
o 

Ov 
O 

• 
O 

o 

• 
o 

+ 

+ 

+ 

+ 

+ 

co 

+ 

fcCVl 

Ov 

P4 

A 

fe 

fe 

in  • 

Jx, 

Pm 

H 

H 

VO 

VO 

•st  rH 

o 

a 

-=t 

o 

• 

o 

O 

• 

o 
1 

Ov 
O 

• 

o 

O 

• 

o 

+ 

O 

• 
O 

1 

o 

• 

o 
1 

rH 

• 

O 

CO 
1    rH 

• 

H    1 

1    CO 

O 

0) 

a> 

to 
d) 

1 

1 

H 

Hl-st- 

M 
Ph 

to 
to 

• 

o 
1 

M 

M 

M 

M     • 

Pi     • 

M 
(H 
CM 
CM 

vo 

M 
CM 

O 

in 

# 

Pi 

to 
m 

• 

iH 

Pi 

in 

• 

rH 

Pi 
•st 
VO 

• 

Pi  O 
CM 
VO    1 

rH-«l 

inn 
to 
•  i 

O 

O 

O 

o 

1 

1 

i  in 

1  -st 

CO 

1 

* 

vo 

CM 

t 

vo 
CVJ 

rH 
O 

rH 

CM 

;*  cm 

-st- 
CM 

• 
O 

+ 

OV 

in 

• 

o 

CM 
OV 

• 

o 

rH 
•   + 

*     • 

too 

CM 
H 

CM     • 
-st  O 

• 
rH   + 

O 

O 

o 

O 

i 

1     J) 

T2 

l  2) 

■c 

1     T* 

2> 

+ 

+ 

•f 

1 

to 

H 

-st/ 

rH  00 

Ov 
Ov 

• 

to 

rH 

in 

CO  CM 

CO  to 

^  to 

H  CM 

in 

• 

IO 

ON 

00 

• 

t- 

CVJ 

to 

• 

-st 
CM 

CM 

• 

VO 
H 

•  O 
3, 

Ov    ♦ 

•  o 

•st 

m  i 

in  • 
•  o 
in 

vo    1 

•     • 

c-o 
CO 
rH    1 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

O 

PQ 

o 

PQ 

04 
PQ 
O 

PQ 
O 

PS 
PQ 
O 

PQ 
O 

PQ 
O 

pi 

PQ 
O 

PQ 
O 

84 


2 


ecvi 

a 

M     • 

pso 

«a 

«*  k> 

wpq 
Sso 

O  PH 

Ph 

M    I 

►H 

<J  CO 

O  W 
M 
6-» 

••  or 

WW 
Eh  Ph 
►HO 
!=>Ph 
CO  Ph 
W 

«a 
o 

I25M 

06H 

M«3 
CO  O 

8£ 

oco 
Wco 

P4  -at 
M 
SO 
O 

Nhl 
MM 

«o 

OCO 
W 

I    525 
PhO 


CM 

W 
►H 

m 

EH 


t>- 

VO 

in 

o\ 

CVI 

-=t 

in 

VO 

in 

VO 

CM 

VO 

-t 

c- 

in 

iH 

-t 

-* 

■* 

H 

H 

K 

o 

<H 

H 

cm 

IO 

to 

to 

tO 

-*. 

•st 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

O 

O 

o 

O 

o 

o 

O 

O 

o 

•   ft 

H 

-t 

CM 

-t 

o\ 

c- 

t>- 

CO 

o 

H 

«tf    O 

CO 

f- 

r- 

VO 

in 

m 

in 

in 

m 

in 

■P    fc 

r-i 

r* 

iH 

iH 

H 

i-i 

rH 

H 

r-i 

t-\ 

^^ 

O 

O 

O 

O 

o 

o 

O 

o 

o 

o 

< 

«*! 

<«} 

< 

** 

«u 

Ph 

Ph 

h 

Gn 

Ph 

ft 

K> 

to 

VO 

VO 

O 

H 

i-H 

r^ 

O 

O 

r-t 

r-i 

o 

O 

o 

o 

O 

O 

• 

• 

• 

• 

• 

• 

o 

O 

o 

o 

O 

o 

+ 

+ 

+ 

+ 

+ 

+ 

* 

M 
ISO 

* 

£ 

:s 

* 

is 

to 

CVJ  CVJ 

co 

O 

l>- 

o 

IO 

CO 

co  o 

w 

-=t 

VO 

C-- 

t- 

O 

O  O 

o 

o 

O 

o 

o 

• 

•   • 

• 

• 

• 

• 

• 

o 

oo 

o 

o 

o 

o 

o 

1 

1  + 

1 

1 

1 

1 

1 

mO 

f-nO 

HH 

hH 

fcH 

1-4 

M 

►3 

PhcO 

Phc*- 

fl 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

vovo 

vovo 

o 

-=t 

CVJ 

CVI 

H 

vo 

vo 

cvi  o 

CVJ  o 

•H 

H 

in 

t- 

oo 

t— 

c— 

o    • 

O     • 

•P 

O 

o 

O 

o 

O 

O 

•  o 

•  o 

«J 

• 

• 

• 

• 

• 

• 

O 

o 

3 

O 

o 

o 

o 

o 

O 

1 

1 

o< 

+ 

+ 

M 

1 

i 

1 

1 

1 

1   CO 

CVJ 

CO 
HlO 

CO 

HO 

d 

HH 

M 

l-H 

hH 

HH 

M 

M"0 

hlN 

1-3  t- 

O 

l-H 

A 

►H 

t-H 

HH 

►H 

rlO 

H  O 

cvi  o 

•H 

O 

-=* 

r-l 

o\ 

-St 

H 

rH     • 

CVJ     • 

CM     • 

CO 

iH 

H 

VO 

c- 

co 

CO 

CO  O 

O  O 

O  O 

n 

o 

O 

O 

o 

o 

O 

o 

• 

• 

0) 

• 

• 

• 

• 

• 

• 

•  1 

O    1 

O    1 

(4 

O 

O 

o 

o 

o 

O 

o 

bO 

Ph 

Ph 

1    Ph 

1    Ph 

<D 

+ 

+ 

+ 

■f 

+ 

+  CVI 

+  -t 

CVJ 

CM 

« 

O 

O 

Ph  O 

PhO 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph    • 

Ph    • 

CVJ     • 

CM     • 

VO 

t- 

CO 

O 

o\ 

in 

IOO 

too 

cvi  o 

CM  O 

O 

rH 

H 

VO 

t- 

00 

CO 

CO 

o 

O 

O 

o 

O 

O 

O 

o 

O    1 

O    1 

•  1 

•    1 

• 

• 

• 

• 

• 

• 

• 

• 

o 

o 

o 

O 

o 

O 

o 

O    t3 

O    T3 
DO 

O      TJ 

2> 

T3 

+  » 

+  30 

1 

1 

1 

1 

1 

l  c- 

1  O 

CVI 

CVI 

co 

O  r-i 

O  r-\ 

in 

CVJ 

CO 

t- 

t- 

HO 

OvO 

mo 

t-o 

t-O 

CO 

o 

in 

tO 

o 

co   • 

VO     • 

-=t   • 

to   . 

to    • 

On 

co 

Ox 

iH 

o 

-3-  o 

o-o 

OnO 

•  o 

•  O 

• 

• 

• 

• 

• 

• 

• 

• 

o 

o 

o 

o 

o 

rH 

r4 

to  i 

to  1 

K\   1 

r-i    1 

rH    1 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

K 

Oh 

« 

« 

P4 

« 

Ph 

« 

K 

Ph 

PQ 

PQ 

PQ 

Ph 

n 

PQ 

PQ 

m 

m 

P5 

O 

O 

o 

O 

o 

o 

O 

o 

o 

o 

b£> 

bD 

60 

bO 

to 

hO 

bO 

to 

b£l 

bO 

O 

O 

o 

o 

o 

O 

o 

o 

o 

o 

H 

iH 

iH 

H 

r-i 

rH 

H 

H 

r-K 

r\ 

85 


ON 

CNJ 

NO 

0\ 

rH 

m 

t»- 

o 

KN 

m 

CM 

in 

rH 

On 

rH 

-* 

^t 

-=t 

m 

in 

in 

PS 

iH 

m 

m 

-st 

-=t 

<t 

•* 

•st 

-=t 

-st 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

O 

O 

O 

O 

O 

o 

o 

O 

o 

o 

•  h 

ON 

in 

vo 

■* 

m 

m 

-3" 

j^- 

in 

in 

o 

tJ  O 

m 

-st 

m 

m 

m 

m 

m 

m 

KN 

m 

E-t 

+»   r* 
to  >i 

rH 

H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

a 

o 

O 

o 

O 

o 

O 

O 

O 

O 

O 

C»m 

S3 

M     • 

pso 

«<rH 

m  m 

SZ  o 

• 

IH 

Hi 

rH 

»H 

r-q 

i-q 

O 

4 

O 

3 

o 

Si 
O 

bO 
o 

O 

H 

rH 

rH 

rH 

H 

H 

ON 

m 

ON 

On 

-st 

<t 

-=t 

^t 

m 

CM 

co 

co 

op* 

O 

+ 

O 

+ 

o 

+ 

O 

+ 

o 
1 

O  C!> 

1    bO 

o 

M    1 
rH 

M 

M 

tH 

M 

M 

M 

M  rH 

C5 

CS 

e 

cl> 

C5 

C5 

C5  O 

«aj  CO 
O  W 

bD 
O 

bO 
o 

bO 
O 

bO 

o 

bO 
O 

bO 
O 

bOO 
O     • 

M 

H 

rH 

rH 

rH 

,H 

rH 

rH  O 

EH 

coE 

EHPi 

►HO 
!=>PS 

On 

m 

CM 

o 

ON 

O 

O    -f 

O 

H 

rH 

rH 

O 

rH 

H 

• 

o 
1 

• 

o 
1 

• 

o 
1 

• 

o 
1 

• 

o 
1 

•  M 

O  Ph 

1    bO 

o 

•  M 

o 

8* 

TS 

Tj 

JF* 

n 

TJ 

Tj 

t*H 

TVH 

s 

2) 

» 

» 

J> 

7> 

Bvo 

3>vo 

to 

bO 

bO 

bO 

bD 

bom 

bom 

o 

C 

o 

o 

o 

o 

o 

o 

o    • 

o    • 

&  M 

o 

rH 

iH 

H 

rH 

rH 

rH 

H  o 

rH  O 

O  E-« 

•H 

H 

-st 

O 

VO 

■=t 

rH 

CO   + 

co  + 

M«^ 

■P 

t- 

co 

■st 

m 

t— 

VO 

in 

in 

CO  O 

PSrH 

(0 

3 

• 
VO 

• 
vo 

• 

in 

• 

in 

• 

in 

inS 

•r-q 

mo* 

in  to 

a1 

1 

i 

i 

i 

i 

t    bO 

o 

1    bO 

o 

t     bO 

o 

O  to 

WtO 

«» 

«* 

< 

< 

o| 

«t!H 

<  rH 

<  rH 

fl 

2* 

&4 

fc 

to 

to 

to 

to<t 

fe-st 

fe  On 

-3 

o 

fr 

60 

b0 

bO 

to 

bO 

bDCM 

bor>- 

bOb- 

«H 

bO 

O 

o 

o 

o 

o 

o     • 

o    • 

o    • 

{23  O 

OS 

o 

rH 

H 

rH 

rH 

rH 

H  O 

rH  O 

rH  O 

O 

n 

rH 

co 

co 

CM 

m 

CO 

t»-  + 

in  + 

in  + 

tS3  hA" 

a> 

m 

O 

-^ 

VO 

in 

t-- 

co 

On 

ON 

M  M 

JH 

rH 

• 

• 

• 

• 

•  to 

•to 

•  to 

•  to 

OS  o 

bO 

• 

rH 

H 

rH 

rH 

rH   bO 

rH  bO 

rH    bO 

rH    bO 

o  to 

<D 

H 

+ 

+ 

+ 

+ 

+    O 

+  O 

+   O 

+    O 

*?►, 

PS 

+ 

H 

rH 

rH 

r-\ 

m  o 

& 

6 

O 

O 

O 

O 

bOCM 
O     • 

bom 

o   • 

bD^- 
O     • 

*  On 
bom 
o     • 

o 

o 

rH 

rH 

rH 

rH 

rH  O 

rHO 

H  O 

rH  O 

• 

rH 

iH 

H 

ON 

ON 

m 

O    1 

f-   1 

On  1 

ON    1 

4? 

CM 

ON 

t- 

t- 

in 

VO 

t- 

co 

t- 

t- 

t^ 

CO 

t- 

• 

• 

• 

•  CO 

•  to 

•  to 

•  CO 

•  CO 

• 

• 

PO 

m 

m 

m  bo 

rn  bo 

KN  bO 

m  bo 

m  bo 

W 

O 

rH 

1 

i 

i 

1    o 

1    o 

t     O 

1    o 

1    o 

1 

1 

rH 

H 

rH 

rH 

rH 

1-3 

•*t 

CNJ 

CNJ 

ONVO 

t^ON 

H  0\ 

O  O 

O  O 

9 

in 

On 

O 

rH 

• 

• 

co 

• 

o  o 

•      • 

O  O 

•    • 

VO  O 

•     • 

ONrH 

•     • 

ON  rH 

•      • 

EH 

• 

• 

e- 

vo 

CNJ 

mo 

-st  O 

KNO 

mo 

m  o 

rH 

rH 

H 

rH 

rH 

H    1 

H    1 

rH    1 

rH     1 

rH     1 

II 

II 

ii 

II 

II 

II 

II 

II 

II 

II 

PS 

PS 

PS 

PS 

PS 

PS 

PS 

PS 

PS 

PS 

m 

pq 

pq 

m 

pq 

pq 

PP 

PQ 

W 

pq 

o 

o 

ft 

o 

o 

o 

O 

o 

o 

o 

bO 

bo 

bO 

bO 

bO 

bO 

bO 

bO 

bO 

o 

O 

o 

O 

O 

o 

o 

o 

O 

o 

rH 

H       , 

H  1 

rH 

rH 

iH 

rH 

rH             rH           rH 

86 


S3 
M     • 

peso 

pq  s 

«s1.rH 
n  pq 

S30 
«« 
O  P4 

M    I 

1-3 

O  W 
M 
6-» 

**  04 

COM 
EHp* 

B« 
P4 


8 


«  S3 
O 
S3M 
O  E-l 
M««S 
COO 

8£ 

«M 

C5  CO 
HCO 

«3 

S30 
O 
IS!  1-3 

«  O 
O  CO 

w 

I    S3 

pq  o 


5 

CM 


CM 


TJ  O 
■P  rH 
CO 


fi 


VO 

cvj 


o 


CVJ 


o 

«H 

■p 

W 

a 
o 

at 

05 

<D 

Jh 
bO 
0) 

« 


in 
• 

o 
i 

on 

CM 

• 


PP 
O 


oo 

KN. 
K"N 


VO 
CM 


&< 
bO 

o 

H 
O 
m 

CVJ 


ON 

c- 

o 
I 

m 

• 

o 
I 


PQ 

o 


tn 


CM 

in 


CM 


oo 


o 

+ 

bO 

o 

H 
H 


in 

m 

+ 

:* 

VO 
On 

• 
O 

I 

co 
vo 

• 

On 
KN 
I 


PQ 
O 


VO 


in 


CM 


O 
WD 
O 

rH 

CM 

• 
CVJ 

I 

rH 

o 

+ 

to 

bO 
O 
H 
CO 

■sj" 
• 

-St 
+ 

CO 

• 

o 

I 

•3- 
co 

• 

in 
in 
i 


PQ 

o 


CO 
CO 

^1- 


oo 
m 


CVJ 


XT 

CM 

m 

o 
I 


w> 

O 
iH 
CM 
VO 

• 

CM 
I 

O 
ON 


O 

+ 

to 
bO 
o 

rH 

•=* 

• 

VO 

+ 

VO 


o 


in 


pp 
o 


in 

On 


00 

m 


cvj 


oo 

CTN 


CM 


a 

bO 

o 

(H 

t>- 
H 

• 
VO 

+ 

3) 
vo 
CM 

• 

O 
I 


O 

bO 

o 


o 
oo 

• 

CM 
I 

e 
oo 

rH 

o 

+ 

to 

bO 

o 


0- 

+ 


• 
o 
tn 

i 


pp 
o 


►H 

p". 

bO 
o 
H 

in 

CM 

+ 
co 

CM 

o 
I 


o 

bO 

o 

rH 

m 
in 

• 

CM 
I 

e> 

o 

+ 

to 

bD 
o 

rH 
H 
O 


in 

+ 

VO 

-3- 

rH  to 
I    bO 

o 
iniH 

0-H 

•  in 
b-  • 
cvj-3- 

i    i 


o 
m 


o 


cm 


►H 

Pm 
bO 

o 

H 

00 

m 

vo 

+ 

XT 
O 

m 

• 

o 
I 


bO 
o 

rH 
CVJ 


o 

+ 

s 

bO 

o 

H 

in 
vo  co 

•  bO 

0  o 

inrH 

+  in 

SA 

in  i 

i  th 
o 

OH 
ON-* 

•  O 
KN  • 
H  0\ 

1  I 

II 

P3 
PP 
o 


o 
in 


CM 


rH 

bO 

o 

rH 
«>- 

VO 

• 
vo 

+ 

CVJ 

• 

o 
i 


o 

bO 

o 

H 
rH 

ON 


I 

C5 

•*IH 
rH  P* 

•  bO 
O   O 

+  rH 

o 

■a}  O 
l>i  • 
bOrH 
O  I 
rH 

VO  CO 
On  bO 

•  o 

O  rH 

inn 

■fVO 

• 
!»rH 
O    I 

in 

rH    W) 


VO  o 

in  on 


ON  ON 

I    I 


PES 

PQ 

o 


VO 

o 
in 


CM 

-3- 


OJ 


rH 

Pk 

bO 
o 

rH 
O 
VO 

• 

+ 

» 

CM 

• 
O 
I 

M 
c5 

bO 

O 
rH  (H 

^trH 
COVO 

•  o 

rH     • 
I   O 

+ 

inn 

iHP* 

•  b0 

o  o 

+  rH 
0- 

-a}  CO 


ft 


m 

0  i 

rH 

O  CO 
CM    bO 

•  O 
ONrH 
•3-  O 

• 
>rH 
O    I 

in 

rH   bO 

1  O 

H 
KNCM 

mm 

•  • 

moo 
i    i 


[sj 


87 


« 


•a  o 


CO 


w 


■*t 
OJ 

M 


o 

•H 

+» 

a) 

a* 

S3 
o 

«rl 

CD 
CO 

<t> 

bO 


c- 
vo 

o 


VO 
VO 


OJ 


vo 


-st 

in 

• 

oj 


§> 


in 


OJ 

i 


vo 


KN 


O 


*«! 

1*4 

OJ 
iH 

• 
O 

+ 

& 

o 

H 
O 
KN 

• 

•st 

KN 

i 


OJ 


PQ 
o 


C— 

H 


^t 
^t 


OJ 


T3 


DO 
rH 

• 

O 
I 

OJ 


o 

+ 

I) 

o 

iH 
OJ 

kn 

• 

VO 
I 

^t 

• 
-st 
OJ 


« 
pq 
o 


in 

OJ 


ON 

kn 


OJ 


bo 
o 

iH 
CO 
CO 


o 
t 

Ov 


o 

+ 


OJ 

-st 

• 
KN 
VO 

I 

o 

00 

• 

OJ 

OJ 


Ol 
iH 

tn 


on 


OJ 


CO 

bO 

o 

iH 

ON 
OJ 


t»o 

O 
rH 
OJ 

c— 


I 

•a 
» 

rH 

-st 

• 

O 
I 

t>- 


o 

+ 

& 

o 

rH 
CO 
00 
• 
KN. 
VO 

I 

ON 

o 

OJ 


PQ 
o 


-st 
-st 
m 


o 

■«t 

OJ 


bO 

o 

H 
VO 

• 
I 

CO 
bO 
o 

rH 

in 
vo 

• 

H 

I 


C5 
bO 
o 

rH 

oo 

OJ 


in 
m 


OJ 


H 
I 

xt 
DO 

-=t 

■st 

• 

O 
I 

rH 
OJ 

• 

o 

+ 


in 

ON 

• 

in 
vo 

i 

in 

• 

in 
m 


« 

pq 
o 


Pfcf 

bO 
o 

rH 
t- 
O 

• 

in 
i 

CO 
bO 
o 

rH 
00 

kn 


cu 

bO 

o 

rH 
vo 
kn 


i 

7> 

rH 

^* 
• 

o 
I 

r* 

rH 

OJ 


S> 

O 
H 
OJ 

-st 
• 

in 

vo 

i 

O  ON 

•  o 
o    • 

rH    + 
II 

« 

pq 
o 


vo 
■st 

K\ 


OJ 

■st 


OJ 


&4 

bO 

o 

H 
OJ 
VO 

• 

■s* 

I 

CO 
bO 

o 

rH 

co 
kn 

• 

rH 
I 


cS 

bO 

o 


H 
I 

2) 


O 
I 

< 

H 
OJ 

• 
O 

+ 

bObD 

o  o 

■HrH 
OJiH 
O-iH 

•  • 

mo 
vo  + 
i 

OJP« 
vocO 

•  o 

ON     • 

OJ  o 
rH   + 

II 

« 

pq 
o 


in 


KN 


OJ 


P=4 

bO 

o 

rH 
t- 
0\ 

• 
-st 

I 

CO 

bo 
o 

rH 
■st 
■st 
• 
H 
t 


c!> 
bO 
o 

rH 

KN 
KN 


I 

13 
DO 
Ol 

^st 

o  »-i 

I    bO 

o 

«>tiH 

&*  t- 

OJ  O- 
OJ     • 

•  o 
o 

+  I 

5)  bo 
o  o 

rHrH 
^t  OJ 
l>-iH 

•  • 

incp 
vo  * 
i 

O  ON 

•  o 

OJ  • 
KN  O 
H    + 

II 

« 
PQ 
o 


VO 


in 

■st 


OJ 


l*» 

bO 

o 

rH 

■st 
KN 

• 

I 

CO 
bO 
o 
H 
■st 
•st 


bo 
o 

rH 
•St 
OJ 


I    P4 
VO 

f° 

OJ  o 
-st   + 

O  Hi 

I    hi 

bO 
<$  o 
ferH 
O  KN 

oj  in 

•  • 
OVO 

+  I 

bO  bO 

0  o 

•HrH 
ON-st 

01  rH 

•  • 

mo 
vo  + 
i 

OJ  FM 

ONin 

•  H 
0-  • 
KNO 
H   + 

II 

« 

pq 
o 


88 


o 

M 
6-1 

3 

O  H 
M     • 

«o 

PQ  S 
^d 

M  PP 

§o 

O  put 

P* 
M    I 

Sa 

M 

coS 

6H  P« 

!=>« 
CO  Pi 

O 

&  M 
OEH 

H<) 
03  O 

8£ 
PS  M 

«3 

so 
o 

M  M 

«o 

O  CO 

w_ 

o  o 


CM 


CM 

in 

co 

VO 

kn 

o 

KN 

ON 

-3- 

KN 

VO 

in 

ON 

in 

t>- 

CM 

in 

t>- 

CO 

co 

CM 

O 

• 

• 

• 

CM 

• 

kn 

• 

• 

• 

• 

• 

• 

o 

o 

O 

o 

o 

O 

o 

o 

o 

o 

•  *1 

t- 

in 

vo 

CM 

CO 

in 

VO 

ON 

H 

-3> 

■tf  o 
•P  Jl 

ON 

• 

• 

vo 

• 

in 

• 

r-1 

• 

o 

• 

ON 

• 

CO 

• 

ON 

• 

ON 

9 

W£ 

-=t 

•sf 

•* 

-si- 

•* 

-* 

KN 

KN 

KN 

KN 

^ 

<4 

<1 

oS 

«sj 

&< 

Pi 

Pi 

Pi 

h 

ON 

vo 

CO 

rH 

H 

CM 

CM 

rH 

CM 

CM 

• 

• 

• 

• 

• 

o 

O 

O 

O 

O 

1 

1 

1 

1 

1 

J-3. 

h3 

Hi 

1-3. 

i-3 

1-3. 

Pi 

Pi 

Pi 

Pi 

Pi 

Pi 

co 

H 

co 

-* 

CM 

KN 

CO 

ON 

CO 

ON 

ON 

t>- 

• 

• 

• 

• 

• 

• 

o 

O 

o 

o 

O 

■=t 

+ 

+ 

+ 

't- 

+ 

+ 

lt 

Is 

£ 

I* 

is 

* 

!s 

0 

O 

H 

-St 

o 

*t 

H 

i-i 

o 

VO 

-* 

-^ 

•H 

o 

O 

O 

«H 

• 

• 

• 

• 

• 

• 

• 

+» 

o 

rH 

r-4 

CM 

CM 

CM 

CM^ 

0} 

hi 

3 

t 

1 

1 

1 

1 

1 

1   H 

co 

CO 

CO 

CO 

CO 

CO 

CO 

CO 
CO     • 

ON 

m 

CO 

•3- 

CM 

^~ 

H 

HKN 

c 

o 

H 

o 

r-l 

i-l 

H 

H 

H 

o 

• 

• 

• 

• 

• 

• 

• 

•    | 

•H 

o 

o 

o 

o 

o 

o 

O 

O 

(0 

Pi 

Pi 

00 

1 

1 

1 

1 

1 

1 

i  in 

i  in 

09 

o 

o 

U 

M 

M 

M 

M 

M 

M 

M 

M     • 

M     • 

to 

Pi 

Pi 

Pi 

Pi 

Pi 

Pi 

Pi 

Pi  o 

Pi  o 

<D 

o 

t- 

t- 

t- 

iH 

in 

C— 

CO 

ON 

03 

m 

kn 

iH 

o 

O 

o 

O 

o  + 

CO    + 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

o 

O 

o 

o 

o 

on 

O  M 

KNM 

o 

i 

1 

1 

1 

1 

i 

vo 

VO 

VO 

cb 

O 

CS 

CU 

£ 

e» 

C!J    • 

c5    • 

o    • 

C5 

C- 

■St 

CO 

t— 

kn 

f- 

coo 

mo 

ino 

CM 

t-i 

r-» 

H 

r-l 

KN 

<M 

CM 

CM 

CM 

H 

• 

• 

• 

• 

• 

• 

•  1 

•  i 

•  i 

• 

o 

O 

O 

o 

O 

O 

o 

o 

o 

o 

JJ* 

Jp 

•CJ 

T3 

t 

1 

1 

1 

1 

1    » 

1  30 

1  » 

1  » 

1 

CM 

in 

KN 

KN 

•=t 

o 

VO 

t- 

•* 

H-=t 

<*■<*- 

■H-3- 

KN-^- 

CM 

o 

vo 

kn 

o 

KN 

ON    • 

o    • 

t-    • 

C—    • 

CM 

• 

• 

• 

• 

• 

•  O 

•  o 

•O 

•  O 

• 

m 

in 

KN 

t- 

VO 

CM 

•3- 

CO 

CO 

o\ 

iH 

iH 

CM 

«H 

KN 

ON    1 

ON  1 

CO    1 

CO    1 

II 

n 

H 

II 

II 

II 

II 

II 

II 

II 

« 

« 

« 

« 

« 

« 

« 

« 

K 

Ph 

pq 

pq 

PP 

pq 

pq 

pq 

pq 

pq 

pq 

pq 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

89 


pq 


vo 

o 

m 

m 

o 

H 

t^ 

H 

co 

00 

CM 

^- 

in 

in 

vo 

H 

CM 

in 

oo 

co 

00 

tt 

O 

H 

CVJ 

m 

<!■ 

■* 

-=t 

-* 

^- 

^" 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

o 

o 

o 

O 

O 

o 

o 

o 

o 

•  U 

CO 

m 

CM 

m 

o\ 

CO 

-?r 

o 

H 

CM 

T3  O 

in 

-:*■ 

m 

H 

o 

o 

o 

o 

O 

O 

■P  U 

CVJ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

W£ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

to 
m 
o 
o 

• 
o 

1 

to 
co 
o 
o 

• 
o 

1 

CO 
CO 

o 
o 

• 
o 

1 

w 
co 
o 
o 

• 

o 
1 

w 
co 
o 
o 

• 

o 
1 

J& 

Tj 

J& 

JJ3 

Jp 

■Jp 

DD 

DO 

DD 

DO 

DD 

DO 

in 

t- 

^t 

O 

o 

O 

. 

CM 

CM 

CM 

CM 

CM 

CM 

o 

O 

O 

O 

O 

O 

• 

• 

• 

• 

• 

• 

o 

o 
1 

o 
1 

o 
1 

o 
1 

o 
1 

H 

H 

H 

Hi 

H 

H 

H 

PM 

Pm 

Pm 

PM 

Ph 

ft 

Pm 

-5f 

in 

m 

VO 

VO 

b- 

o 

-=t 

^t 

-3- 

-=f 

-t 

-=* 

o 

o 

o 

o 

O 

O 

O 

t^ 

a 

• 

• 

• 

• 

• 

• 

•H 

O 

o 

o 

o 

o 

o 

O 

OH 

H 

+ 

+ 

+ 

+ 

+ 

+ 

+  tn 

+> 

in 

05 

& 

CM 

£ 

5 

CM 

is 

in 

JS  CM 

in  • 

£ 

•=t 

CO 

CM 

CM 

CM 

H 

H 

HO 

o 

o 

H 

H 

H 

rH 

H 

H    1 

• 

• 

• 

• 

• 

• 

• 

• 

3 

o 

O 

O 

O 

O 

o 

O  M 

O  M 

O 

1 

1 

1 

1 

1 

1 

1  cJJ 

1   C3 

•H 

VO 

vo 

09 

Pm 

fe 

fe 

h 

fe 

fe 

Ui 

PmH 

P=«H 

00 

in 

ON 

vo 

<t 

CM 

in 

CM 

H  O 

HO 

09 

o 

o 

o 

o 

O 

o 

O 

O     • 

O     • 

fe 

o 

o 

o 

o 

O 

o 

O 

O  O 

O  O 

• 

• 

• 

• 

• 

• 

• 

•    1 

•    1 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

« 

+ 

+ 

+ 

+ 

+ 

+ 

1  «■*) 

■a 

1  < 

p4 

M 

M 

M 

M 

M 

M 

M 

MCM 

MO 

M  O 

PM 

Pm 

PM 

PM 

PM 

Ph 

Ph 

PMr-l 

PmH 

Ph  h 

H 

CO 

vo 

O 

tn 

m 

m 

HO 

<to 

00  o 

H 

H 

o 

O 

o 

o 

o 

O     • 

o    • 

in  • 

O 

O 

o 

O 

o 

o 

o 

OO 

o  o 

CM  o 

• 

• 

• 

• 

• 

• 

• 

•       | 

•     1 

•  i 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

1 

1 

1 

1 

1 

1 

1   C!J 

o 

+  o 

+  e 

+  r5 

ro 

OS 

in 

m 

CO 

00 

t-H 

OOH 

■^  H 

inn 

CVJ 

b- 

ov 

VO 

KV 

o 

OnO 

mo 

00  O 

co  o 

ON 

VO 

CO 

t- 

-* 

On 

H     • 

H     • 

o    • 

o    • 

• 

• 

• 

• 

• 

• 

•  O 

•  O 

•  o 

•  o 

o 

o 

o 

o 

<t 

^- 

in  t 

in  i 

in  i 

in  i 

It 

II 

II 

II 

II 

II 

it 

II 

it 

II 

« 

« 

« 

PS 

« 

pc; 

« 

« 

tf 

(X 

pq 

PQ 

pq 

pq 

pq 

pp 

pq 

pq 

pq 

P0 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

bO 

b0 

bO 

bO 

bO 

bD 

bO 

b0 

b0 

bO 

o 

O 

o 

O 

O 

o 

o 

o 

o 

o 

H 

rH 

H 

H 

H 

H 

H 

H 

rH 

H 

90 


o 

M 

■& 

525 
M     • 

52; 


A 


-airH 
urn 

S230 
OCM 
M    I 

««J  CO 

o  w 


COW 
6-»PM 
rHO 
£=>« 
CO  Pi 

w 
o 

S2SM 

oe-i 

rH«*l 
CO  O 
CO  H 
Wfe 
«M 
rj>  CO 
Wco 

«a 

5ZJO 
O 

NhI 
,rHM 

«o 

OCO 

M 
I   S 
O  O 


o 
in 
cvi 


w 

Hi 

pp 


KN 

C— 

rH 

On 

O 

VO 

ON 

ON 

O 

O 

ON 

ON 

o\ 

rH 

m 

K> 

KN 

K> 

^t 

^* 

CM 

O 

CM 

KN 

•* 

-* 

•* 

-=*■ 

-3" 

■* 

<* 

« 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

O 

O 

O 

0 

0 

0 

O 

O 

O 

O 

•    rH 

C\J 

KN 

ON 

VO 

in 

VO 

b- 

co 

O 

rH 

TJ   O 

in 

CM 

O 

0 

0 

O 

0 

0 

rH 

H 

■P  Jh 

OJ 

CVJ 

CVJ 

CVJ 

CVJ 

CVJ 

CVJ 

cvj 

CVJ 

CVJ 

CO  h 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

W 

0 

0 

O 

O 

0 

0 

0 

0 

O 

O 

rH 

rH 

tH 

►H 

Hi 

rH 

rH 
bD 

3 

rH 

bO 

4 

ft 

rH 

bO 

O 

O 

0 

O 

O 

OM 

H 

rH 

rH 

rH 

rH 

•HC5 

O 

CO 

VO 

CVJ 

VO 

VO   bO 

in 

•^ 

-=t 

CO 

O 

O   O 

• 

• 

• 

• 

• 

•  H 

0 

O 

O 

O 

rH 

rH  rH 

+ 

+ 

+ 

+ 

+ 

"fO 

CO 

CO 

CO 

CO 

CO 

CO 

CO  O 

bO 

bD 

bO 

bO 

bO 

bO 

bO  -f 

0 

O 

0 

0 

0 

0 

O 

rH 

iH 

H 

•H 

rH 

r-t<*l 

rH<U 

t^ 

b- 

ON 

»> 

VO 

■*■  P4 

•sf  fe 

CVJ 

CVJ 

CVJ 

CVJ 

CVJ 

CVJ   bD 

CVJ   bO 

• 

• 

• 

• 

• 

•  0 

•  O 

O 

0 

O 

O 

O 

O  rH 

O  H 

1 

1 

1 

1 

1 

1    CVJ 

1    CVJ 

H* 

»-q 

►H 

rH 

rH 

iH 

rH      • 

H»      • 

fl 

04 

Ph 

S 

s 

Pm 

At 

PMO 

A*0 

O 

bO 

bO 

bO 

60 

bD 

bO 

bO  1 

bD  1 

•H 

0 

0 

0 

O 

0 

O 

0 

O 

•P 

rH 

rH 

H 

H 

tH 

H  M 

rHM 

rHM 

(0 

o\ 

m 

CVJ 

CVJ 

VO 

infM 

H  Pm 

CVJ  04 

3 

•<* 

CVJ 

0 

O 

O 

co  bo 

f-  bD 

t-  bO 

o* 

• 

• 

• 

• 

• 

•  0 

•  O 

•    O 

W 

H 

rH 

rH 

H 

H 

OH 

O  H 

O  rH 

+ 

+ 

+ 

+ 

+ 

+  KN 

+  CVJ 

+  CVJ 

a 

rH 

CVJ 

CVJ 

0 

s, 

& 

& 

& 

S> 

& 

*      • 

bOO 

hOO 

*  • 

bOO 

00 

0 

O 

0 

O 

0 

O 

0  1 

O    I 

O    1 

W 

rH 

H 

H 

H 

H 

rH 

rH 

rH 

rH 

0) 

o\ 

O 

CM 

VO 

ON 

I>-Pm 

ONP* 

VO  fe 

h 

in 

VO 

t- 

H 

VO 

b-  bD 

b-  bO 

t-  bO 

to 

• 

• 

• 

• 

• 

•  O 

•  O 

•  O 

•  0 

a> 

H 

CVJ 

CVJ 

KN 

K> 

KNrH 

r*NrH 

KNrH 

IO  rH 

« 

1 

1 

1 

1 

1 

1  in 

1  VO 
H 

1   VO 

1    CVJ 

0 

CJ 

CS 

e> 

c!> 

O 

CU     • 

<5    • 

rj    • 

rj>     • 

bO 

bO 

bO 

bO 

bO 

bO 

bOO 

bOO 

bOO 

bOO 

O 

0 

0 

0 

0 

0 

O   + 

O   + 

0  + 

O   + 

rH 

H 

rH 

rH 

tH 

rH 

H 

H 

rH 

H 

rH 

ro 

O 

VO 

r- 

VO   JC 

*  ■£* 

"*  -JP 

■*  J? 

■*    -p 

rH 

CU 

CVJ 

rH 

rH 

rH  J> 

rH  3> 

rH  y> 

rH   30 

rH  J> 

• 

• 

• 

• 

• 

•  bO 

•  bO 

•  bO 

•  bO 

•   bO 

O 

0 

O 

O 

O 

0  0 

O   O 

0  0 

O  O 

O    O 

1 

1 

1 

1 

1 

1    rH 
CO 

1    rH 

CVJ 

1  rH 
VO 

1    rH 

1   rH 

O 

co 

t- 

b- 

O 

-*o 

ONrH 

inrH 

OO 

OvO 

Os 

r*- 

0 

co 

ON 

CO      • 

VO     • 

VO     • 

in  • 

-=t     • 

• 

• 

• 

• 

• 

•  CVJ 

•  CVJ 

•  CVJ 

•  CVJ 

•  CVJ 

O 

OJ 

CVJ 

CVJ 

CVJ 

l>-  1 

t-   1 

t-  1 

r-  1 

l-  1 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

« 

« 

« 

« 

« 

01 

« 

« 

« 

m 

PQ 

pp 

pp 

PP 

PP 

PP 

PP 

PP 

PP 

pp 

O 

0 

0 

O 

O 

0 

O 

0 

0 

0 

bO 

bO 

bO 

bO 

bO 

bO 

So 

bO 

bO 

b0 

O 

0 

O 

O 

0 

0 

0 

0 

0 

O 

rH 

rH 

iH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

91 


2 


«-* 

S3 
M     • 

<*rH 
hpp 
SO 
«  « 

M  I 
IH" 

«sj  CO 

O  W 

M 

6* 

♦  *  oi 

coH 

6-»  Pm 
IHO 

CO  PM 

O 

KM 
O  6-1 
M«* 
CO  O 
CO  M 
&to 
ttrH 
C5  CO 
WCO 

«a 

o 

NrH 
M  M 

«o 

O  CO 

I    Si 

oo 


in 

CM 

rH 
pp 


m 

m 

m 

m 

CVJ 

CM 

oo 

o 

rH 

<f 

f>- 

CM 

rH 

rH 

VO 

00 

ON 

o 

O 

o 

CM 

o 

CM 

K> 

-=1- 

^ 

•=t 

•=* 

in 

in 

m 

Ph 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

•   ^ 

•=t 

VO 

H 

CM 

r>- 

tn 

o 

CM 

•3- 

VO 

TJ  o 

ON 

in 

m 

O 

00 

oo 

oo 

CO 

co 

00 

+>  rM 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

M& 

-=J- 

■si- 

^* 

-=* 

m 

m 

K\ 

m 

tn 

KS 

JP 

** 

JP 

tf 

n 

D 

CO 

o 

rH 

» 

CM 

m 

■s* 

■^ 

o 

^ 

• 

• 

• 

-* 

• 

o 

O 

O 

• 

O 
1 

i 

1 

1 

o 
1 

rH 

|H 

rH 

rH 

PM 

PM 

Pm 

(H 

rH 

Pm 

bO 

hD 

bO 

^ 

S 

bO 

O 

O 

O 

60 

O 

rH 

rH 

rH 

o 

o 

H 

ON 

ON 

CM 

rH 

H 

in 

CO 

t-- 

VO 

VO 

m 

iH 

• 

• 

• 

O 

c- 

• 

o 

o 

o 

• 

• 

H 

CM 

CM 

CM 

in 

rH 

CM 

+ 

+ 

+ 

rH 

CM 

+ 

♦ 

<tj 

+ 

< 

<J 

<« 

to 

*«l 

to 

to 

** 

< 

60 

<4 

to 

00 

bO 

bO 

to 

O 

P* 

60 

O 

o 

o 

bO 

rH 

bO 

o 

rH 

rH 

rH 

OiH 

in 

o 

rH 

CM 

t- 

rH 

HrH 

d 

CM 

rH 

in 

CO 

rH 

m 

•st  00 

o 

• 

VO 

CM 

• 

• 

• 

0-rH 

•H 

in 

CO 

• 

l>- 

vo 

VO 

•     • 

■P 

-=* 

• 

CM 

CM 

CM 

CM 

HO 

ctf 

i 

m 

-ifr 

1 

1 

1 

KN  + 

3 

-* 

1 

M 

1 

o* 

e 

i 

C5 

C!> 

C5PM 

M 

W 

e 

m 

e 

KN 

H 

o  to 

C5PM 

vo 

^t- 

c!> 

t- 

-sj- 

•Sj" 

-^   O 

O   bO 

a 

rH 

• 

H 

K"N 

• 

• 

•rH 

-«*■  O 

o 

• 

o 

-** 

• 

O 

o 

O  ON 

•rH 

•H 

o 

i 

• 

O 

1 

1 

1  VO 

O  O 

0) 

1 

O 

1 

• 

1   H 

CO 

i* 

1 

* 

* 

:so 

• 

<D 

* 

:* 

oo 

* 

-* 

in 

<t  i 

><r 

h 

-sf 

-3- 

CO 

* 

in 

co 

CO 

CO 

■s*    1 

to 

t— 

ON 

• 

o 

r- 

• 

•M 

•  M 

ON 

to 

• 

• 

o 

CM 

• 

rH 

HO 

rHC5 

•  M 

« 

O 

o 

i 

• 

rH 

1 

1    bO 

1    bO 

h  e» 

1 

1 

H 

1 

o 

O 

1    bO 

CO 

1 

CO 

COrH 

CO  rH 

O 

CO 

CO 

bO 

CO 

bO 

bDO 

bDKN 

CO  rH 

co 

w> 

10 

o 

CO 

bO 

o 

ovo 

om 

60  rH 

bO 

o 

o 

rH 

bO 

o 

rH 

H     • 

rH     • 

o  t~ 

o 

rH 

rH 

O 

o 

H 

c»- 

CM  rH 

O  rH 

rH     • 

iH 

00 

t- 

CM 

H 

t- 

vo 

VO    1 

in  1 

rH  rH 

m 

^* 

CM 

• 

O 

vo 

• 

• 

• 

00    1 

^f 

• 

• 

CM 

•<* 

• 

rHfk, 

Oto 

O  to 

• 

• 

rH 

o 

H 

• 

CO 

rH   bO 

rH  bO 

H   60 

ONP4 

in 

rH 

iH 

1 

Ox 

1 

1    o 

1     O 

1     O 

1    60 

i 

1 

1 

1 

iH 

rH 

H 

O 

m 

ON 

O  VO 

VO  ON 

■*  t- 

inrH 

^t 

00 

VO 

CO 

CM 

r>- 

ON  CM 

co  in 

O  rH 

m-sfr 

rH 

m 

in 

• 

m 

• 

•     • 

•   • 

•     • 

•-St" 

• 

• 

• 

o 

• 

m 

rHf- 

CM  CM 

-*  CM 

o    • 

in 

m 

VO 

CVJ 

CM 

K> 

UNH 

-sJ-rH 

-*iH 

int«- 

i-i 

to, 

rn 

rH 

ON 

rH 

rH    1 

H    1 

H    1 

rH    1 

it 

II 

II 

II 

II 

II 

II 

II 

II 

II 

« 

« 

« 

« 

« 

« 

PCS 

« 

CCi 

« 

pp 

PP 

PQ 

PQ 

PP 

pp 

PQ 

PP 

PP 

PP 

o 

O 

o 

O 

o 

o 

O 

O 

O 

o 

92 


o 

M 

e* 

5 

em 

S3 

M     • 

«o 

** 

PQ  jg 

<»1h1 

M  03 

S50 
MM 

op< 

fe 

M    1 

hi 

"**  EP 

O  W 

M 

6-« 

••M 

tow 

e-101 

hIO. 

&M 

CO  0< 

w 

ms 

o 

!Z5M 

oe* 

M«U 

to  o 

CO  M 

Wfc 

Mm 

c5  to 

w  to 

m<s 

Hi 

ao 

o 

Nh) 

(H  M 

MO 

O  CO 

a 

1    fe 

o  o 

• 

0 

IT\ 

OJ 

w 

M 

pq 

-*! 

EH 

M 


•  HI 

T3  O 

+»  h: 

to  ^ 


vo 
-st 

o 


O 
H 
■P 

CT? 

o* 

W 

a 
o 

•H 
0] 
09 
<D 
H: 
bO 
a> 

M 


O 
in 


vo 

CM 


60 
O 
H 
O 

• 

CM 

I 

K> 

• 

On 


Pd 

m 
o 


o 

H 


VO 

• 

CO 

CM 

I 

bO 

o 


Ox 


I 


m 

CO 


as 
m 
o 


in 

CM 


in 

o 


VO 
VO 

• 

o 

+ 


o 

ON 

• 

•it 
I 

e 

bO 

o 

H 
-st 
CM 

• 

-st 

I 

•st 

• 
K"N 

in 


o 


in 
vo 


CO 
On 


tn 


to 

bO 

o 

H 
K> 
CM 

• 

in 
i 

H 
01 

in 

in 

o 

+ 


in 
• 

o 
in 
i 

CjJ 

bO 

o 

H 
VO 

in 
I 


in 
vo 


PQ 
o 


CM 
ON 


KN 


2> 
■=t 

• 

O 

I 

to 

bO 
O 

H 

m 

• 

in 
i 

M 
01 
CM 

in 

o 

+ 

o 

H 
H 
CM 

• 

m 
t- 
i 

CS 

bO 

o 

H 

ON 
ON- 

• 

CM 
I 

•st 
-st 


t^ 


CM 


O 


•st 
ON 


KN 


M 
Hi 
bO 
O 
H 
CM 
O 
• 
VO 
+ 

fn 


to 

bO 

o 


in 

i 


O 


<3 

bO 

o 

rH 
CM 


I 


M 
PQ 
O 


m 
o 


VO 

co 


K> 


Hi 
Hi 

bO 
O 
H 
C— 

m 
m 

•st 

+ 
in 

■st 

• 

o 
i 

CO 

bO 

o 

H 
t-- 

ON 

• 

I 


Hi 

Hi 

Pi 

01 

b- 

VO 

-st 

O 

• 

• 

O 

o 

+ 

1 

> 

fe 

bO 

50 

o 

o 

H 

rH 

CO 

kn. 

m 

vo 

• 

• 

b- 

(T\ 

t- 

t-- 

i 

i 

ci> 
bo 
o 

H 
O 

• 
CM 
I 
M 

mpi 
o  in 
•  vo 
in  • 
o  o 

H    I 

II 

M 
PQ 
O 


■H 
CO 


Ox 

co 


r<"N 


Hi 

3 

o 
i-l 

CM 
VO 

• 
■^t 

-=t 
+ 

VO 

^t 

o 
I 

CO 

bO 

o 

H 

in 

ON 

• 

•st 

I 

Hi 

01 

On 

o 


5. 


in 

• 
ON 
t- 

I    M 

e 

o  bO 
bO  o 
OH 

HO 

-st  in 
t>-  • 

•  o 
cm  i 

i 

HI 
K>04 
VOVO 

•  VO 

in  • 
o  o 

H    I 

II 

M 

PQ 

o 


CO 

CO 
-st 


rH 

ON 


m 


co 
co 

-st 


-st 


m 


Hi 
Hi 

bO 

o 

H 

o 
in 

• 
in 

-st 

+ 

ON 

■st 

• 

O 

I 

CO 

bO 

o 


in 

• 

-=t 

i 

Hi 
01 

o 
I 

OP* 
HMD 
OO 
t-    • 

•  o 

H   + 

co 

I    M 

e  bo 

bDO 
OH 
H-st 

o  m 
in  • 

•  H 
CM    I 

I 

M 

in  01 

o  ON 

•  vo 
t-  • 
o  o 

H    I 

II 

M 

pq 
o 


Hi 
Hi 
bO 

o 

H 
VO 
CM 

• 

vo 

•st 

+ 

J? 
O 

in 

• 
o 

i 

CO 

bO 

o 

H 
t- 
VO 

• 

•st 
I 

Hi  bO 
01  O 

in 

O     • 

I  H 

I 

bO-a) 
Ofc 
HS 
•st  O 
CO     • 

•  o 

H   + 

co 

I    M 

a 

e  bo 

bOO 
O  H 
HCM 
•st  H 

in   • 

•  H 
CM    I 

I 
M 

in0i 
cmo 

on  • 
o  o 

H    I 

it 
M 

PQ 

o 


93 


VO 

o 

m 

VO 

in 

ON 

CM 

K"\ 

co 

co 

CO 

oo 

CO 

« 

M 

• 

H 

• 

• 

M 

• 

M 

• 

M 

• 

O 

o 

O 

o 

O 

O 

% 

-CJ   O 

■P  u 

H 
OJ 

O 

H 

o 

OJ 

OJ 

VO 

-=t 

00 

in 

3 

w£ 

• 

on 

• 

ON 

• 
ON 

• 
ON 

ON 

ON 

pp 

<1 

M     • 

25  O 

CO 

«  21 

ON 

O 

tn 

fe  ^ 

• 

M  W 

-sj- 

M^ 

H 

<}  PP 

o  o 

1 

g 

h 

•  • 

OJ 

CO    1 

■* 

6H 

• 

fc3  & 

ft 

■* 

tD  W 

OJ 

M 

CO  M 

o 

WH 

• 

I 

"»S 

o 

£ 

!25  PVl 

1 

tn 

oo 

in 

M  P4 

VO 

;s 

• 

CO  PM 

vo 

o 

CO 

fl 

•=r 

•=t 

• 

, 

«o 

o 

o 

o 

CiJ  HJ 

•H 

C!» 

We* 

+» 

i 

1 

H 

«<4 

s 

m 

o 

CO  HI 

A** 

3 

ci> 
VO 

o 

C5 

ON 

o 

o 

H 

• 

-=t 
H 

MM 

• 

• 

O  CO 
CO  CO 

o 

o 

o 

o 

1 

M 

n 

+ 

+ 

+ 

«c3 
DO 

o  o 

CO 

H 
m 

• 

O 

Tl 

t* 

J?* 

tn 

M 

e-«  535 

CO  o 

So 

H)  m 

(D 

| 

o 

-=t 

• 

o 

DO 
-=* 
in 

• 
o 

DO 

^- 

in 

• 
o 

in 

• 
o 

i 

53fr« 

1 

1 

i 

i 

■4 

O  «al 

• 
CO 

h 

-4 

-=t 

< 

in 

KN 

• 

co 

OJ 

• 

< 
in 

OJ 

• 

OJ 

• 

o 

VO 
OJ 

• 

o 

o 

o 

o 

o 

1 

W 

i 

1 

1 

1 

t 

OJ 
VO 

M 

9 

OJ 

ON 
ON 

OJ 
CO 

in 

■^ 
• 

o 

• 

• 

co 

KN 

H 

• 

on 

KN 

o 

CO 

o\ 

ON 

t- 

ON 

in 

H 

II 

II 

II 

II 

II 

II 

PO 

o 

m 

PO 

° 

m 

pp 
o 

M 

pq 
o 

po 

1  ° 

pel 

pp 
o 

94 


VO 

CM 

c- 

CM 

CO 



H 

KA 

in 

VO 

VO 

VO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

C4 

• 

• 

• 

• 

• 

• 

O 

O 

o 

O 

o 

O 

•tf  o 

m 

-3" 

m 

in 

t- 

o 

C5 

•P  u 

O 

o 

o 

o 

o 

H 

s 

§ 

w£ 

CM 

• 
O 

CM 

• 

o 

CM 

• 
o 

CM 

• 
o 

CM 

• 

o 

CM 

• 
O 

pqcm 

««   • 

HO 

§B 

gs 

CO 
VO 
H 
M 

• 
O 

MM 

MPQ 
-ij  O 

CO 

m 
o 
o 

• 

••  i 

o 

1 

co 

1 

e<  co 

m 

CM 

o 

• 
o 

1 

W  « 
CM 

so 

* 

O 

• 

o 

CM 
CM 
O 

• 

o 

o« 

1 

M  PM 

1 

in 

H 

o 

• 

o 
i 

01 

CO  $25 
WO 
«M 
c5E-« 

o 

■P 

0J 

J> 

CO 

o 
o 

CM 
M 
O 

13 

in 

M 
O 

«o 

3 

• 

o 

O 

O 

CO  fe 

W 

1 

HIM 

1 

1 

in 
o 

M  CO 
O  CO 
CO  «aj 
Hi 
O  O 
M 

CO  O 

o 

00 

I* 
in 

<4 

o 

CM 

■3- 

(0 
Q> 
U 

to 

o 
o 

• 
o 

H 
O 

• 

o 

H 
O 

• 

O 

O 

o 

• 

o 

o 

• 
o 

1 

3o 

Q> 

i 

1 

1 

1 

h 

ON 

vo 
H 

• 

o 

PM  M 

53  « 

00 

o 
o 

VO 

O 

o 

• 

M 
O 
O 

• 

o 
o 
o 

• 

I&4 

in 
o 
o 

• 

• 

o 

o 

o 

o 

o 

1   C5 

VO 

1 

1 

1 

1 

1 

-St 

ovo 

CM 

vo 

H 

tn 

in 

CM 

-=t  M 

w 

m 

ON 

-3- 

in 

in 

M     • 

s 

• 

in 

• 

vo 

• 
CM 

CM 

• 

• 

•  O 
O 
CM    1 

E4 

II 

II 

II 

II 

II 

II 

« 

M 

tti 

m 

« 

H 

PQ 

PQ 

pa 

m 

PQ 

PQ 

o 

o 

o 

o 

O 

O 

U 

bO 

to 

u 

bO 

bD 

o 

O 

o 

o 

O 

O 

H 

H 

M 

M 

rH 

H 

95 


£; 

00 

O 

O 

VO 

o\ 

t<^ 

-5* 

VO 

CO 

CO 

co 

C\J 

• 

CVJ 

• 

CVJ 

• 

CVJ 

• 

CVJ 

• 

CVJ 

• 

O 

O 

O 

o 

o 

o 

•  Jh 

TS  o 

KV. 

CVJ 

ro 

K> 

in 

CO 

C5 

+»  r< 

H 

O 

o 

o 

o 

o 

S3 
M 

M£ 

CVJ 

CVJ 

• 

CVJ 

• 

CVJ 

• 

CVJ 

• 

CVJ 

i 

pq  m 

d 

O 

o 

o 

o 

o 

^  • 

MO 

!2!5Si 

«^ 

o  a 

&.W 

Hhl 

►3pq 

<J{  o 

o« 
Pt 

Pi 

faO 

Pi 

to 

p« 
to 

O 

o 

o 

••  i 

«-l 

H 

rH 

c— 

ON 

0\ 

CO 
£>M 

o 

• 

o 

o 

• 

o 

o 

• 

o 

CO  6* 

Pi 

{ZiO 

o« 

+ 

+ 

+ 

s. 

o 

H 

g> 

o 

iH 

& 

o 

H 

o 

IH  Pi 

CO 

in 

in 

VO 

CO 

CO  a 
WO 

o 

in 

• 

o 

ON 

• 
o 

• 
o 

• 

o 

Pi  m 

•H 

§3 

■P 

i 

1 

1 

1 

«o 

3 

JP 

JJ* 

J0 

•O 

M 

8 

"d 

2> 

30 

DO 

IT 

CO  p« 

3 

tO 
O 

bfi 

o 

to 
o 

to 
o 

MCO 

« 

o 

r-t 

H 

rH 

r-i 

O  CO 

o 

H 

CVJ 

t>- 

o- 

in 

CO^ 

09 

VO 
O 

o 

• 

VO 

• 

in 

• 

in 

• 

oo 

03 

• 

<* 

in 

-3- 

•3-  cl> 

M 

Q) 

fn 

to 

en&i 

Jh 

1 

I 

i 

1     o 

3° 

Pi  M 

1=5  fH 

00 

6 

1 

Pi 

tO 

O 

tO 

o 

tO 

o 

rH 

«tj   CVJ 
P«  o 
to   • 
o  o 

O  «*{ 

o 

o 

H 

H 

H 

H 

H 

H 

H 

OV 

vo 

&  + 

rH 

CVJ 

^- 

CO 

o 

VO 

t- 

• 

• 

•  CO 

•  CO 

• 

• 

• 

o 

o 

H    U) 

rH    tO 

o 

vo 

CM 

O 

O 

o 

o 

1 

1 

1 

1 

1    r-\ 

1  f* 

CO 

l-H 

OV 

o 

O  CVJ 

vo  cvj 

fc 

CVJ 

CVJ 

• 

• 

•  o 

in    • 
•  o 

pq 

• 

• 

H 

in 

CVJ 

CVJ 

2 

CVJ 

CO 

rH 

rH 

f~\  + 

H    + 

II 

II 

II 

II 

II 

M 

M 

Pi 

P! 

« 

PI 

« 

pq 

pq 

PQ 

pq 

pq 

pq 

O 

O 

o 

o 

o 

o 

to 

to 

60 

l»0 

tO 

to 

o 

o 

O 

o 

o 

o 

- 

iH 

r-\ 

iH 

rH 

rH 

rH 

96 


25 

s 


MO 

§^ 

o  a 

few 

Hhl 
«!0 
°g 

••   I 

CO 
&h  CO 

PH 
CO  ^ 
MPS 
«W 
Pi 
ao 

O  PS 
M  P< 
CO 

CO  & 

w  o 

PSM 

pso 

M 
CO  fe 
►3M 
M  CO 
O  CO 
CO  < 

M 
OO 
M 

co  o 

P<  M 

art 


5 

CM 

W 

E-4 


K> 

00 

•sf 

-st- 

M0 

vo 

CM 

fn 

o 

CM 

fn 

KN 

K"N 

PS 

r-» 

CM 

CM 

CM 

CM 

CM 

• 

• 

• 

• 

• 

• 

o 

o 

O 

o 

O 

O 

•  f-f 

K> 

-St- 

t- 

•st- 

MD 

o 

n  o 

CM 

ON 

o\ 

o 

H 

m 

■p  fc 

• 

• 

• 

• 

• 

• 

CO  U 

a\ 

co 

00 

ON 

ON 

ON 

w 

h 

* 

00 

• 

o 
1 

CO 

bO 

o 

i-t 
t- 

H 

• 

in 

+ 

H 

• 
O 

1 

CO 

bO 

o 

H 

*f 
l«^ 

• 

in 

+ 

H 

c- 

• 

O 
1 

to 

to 

to 

to 

bD 

bD 

bo 

bO 

fl 

o 

o 

o 

O 

o 

H 

H 

H 

H 

«H 

C- 

-sf 

•sf 

•s* 

■P 

■sf 

IfN 

ON 

Ov 

(0 

• 

• 

• 

• 

3 

CM 

m 

KN 

tn 

c* 

pq 

+ 

+ 

+ 

+ 

a 

13 

JP 

*JP 

Xi 

•n 

o 

3) 

3) 

2) 

3> 

2> 

«H 

CM 

in 

l- 

t*- 

t- 

n 

-=t 

in 

t- 

VO 

vo 

n 

• 

• 

• 

• 

• 

o 

O 

o 

o 

o 

o 

h 

bD 

1 

i 

1 

f 

1 

Q) 

PI 

o 

<t 

~4 

2* 

3 

<J 

to 

fe 

fe 

to 

to 

to 

bO 

bO 

bO 

bO 

bO 

bO 

O 

o 

o 

o 

o 

O 

H 

H 

cH 

H 

H 

iH 

-=* 

•sf 

t- 

O 

m 

H 

O 

vo 

■st- 

in 

in 

O 

• 

• 

• 

• 

• 

• 

o 

MD 

ON 

m 

m 

VO 

K> 

1^ 

KN 

•«* 

•st- 

CM 

1 

1 

1 

1 

1 

1 

CjJ 

-st" 

b- 

00 

CM 

H  <J* 

co 

H 

VO 

in 

VO 

KN  O 

■* 

• 

• 

• 

• 

•     • 

• 

t- 

O 

ON 

CM 

CM  O 

r*^ 

H 

^~ 

t- 

VO 

VO 

MO 

r-» 

iH 

H 

H 

iH    + 

II 

II 

II 

II 

II 

II 

PS 

PS 

PS 

PS 

PS 

PS 

PQ 

PQ 

m 

PQ 

m 

n 

O 

° 

° 

o 

o 

°    1 

97 


« 

m 

«*t  o 

MS 

O  H 
INhI 

5« 

o  S 


CO  « 

WW 

o 

525  « 
OP4 

M 

CO  5Z5 
CO  O 
WM 
«6h 
«*» 
O 

HIM 
M  CO 
O  CO 

CO  <J 

o  o 


s 


EH  S23 
CO  o 

3o 

IN  M 
&  EH 

O  «*} 


<D 
VO 
CM 

W 

M 

PQ 
2 


VO 

CV1 

i>- 

CVJ 

00 

ON 

H 

KN 

in 

vo 

VO 

VO 

CVJ 

CVJ 

CVJ 

CVJ 

CVJ 

CVJ 

CVJ 

PCS 

• 

• 

• 

• 

• 

• 

o 

o 

o 

o 

o 

o 

•  fn 

H 

o 

-5f 

■* 

in 

t— 

•tf   O 

CVJ 

H 

r-l 

cvj 

f^N 

■3- 

■P  U 

• 

• 

• 

• 

• 

• 

W£ 

ON 

cn 

o\ 

Ov 

ON 

ON 

CiJ 

o 

bO 

to 

o 

o 

«H 

H 

ON 

t- 

t>- 

O 

• 

• 

O 

H 

1 

1 

§, 

B, 

6 

o 

o 

o 

H 

H 

iH 

co 

O 

in 

ON 

VO 

cvj 

• 

• 

• 

t*- 

•* 

H 

iH 

H 

CVJ 

S3 
O 
•H 
4» 

• 

1 

1 

IN 

ft 

IN 

bO 

IN 

0} 

bD 

o 

O 

O 

3 

o 

H 

H 

H 

o« 

H 

H 

in 

VO 

W 

H 

CVJ 

in 

H 

in 

• 

• 

• 

S3 

• 

ro 

K> 

kn 

o 

CVJ 

•H 

+ 

+ 

+ 

(0 

+ 

CO 

J& 

J& 

J3=> 

<D 

~& 

Jp 

30 

30 

30 

u 

30 

30 

fr- 

CVJ 

fr- 

» 

H 

K\ 

in 

in 

vo 

CD 

m 

■* 

• 

• 

• 

« 

• 
o 

• 

o 

o 

o 

O 

( 

i 

i 

1 

1 

•< 

^ 

■* 

<l 

<»} 

«4 

IN 

IN 

IN 

IN 

h 

IN 

00 

KN 

VO 

KN 

■^ 

VO 

in 

VO 

in 

-^ 

■* 

in 

• 

• 

• 

• 

• 

• 

o 

O 

O   CO 

O     - 

o 

o 

i 

1 

bO 
1    o 

1 

1 

i 

in 

CO 

VO  -* 

-=t 

o 

CVJ 

VO 

in 

t-rH 

CM 

o 

evi 

• 

• 

•     • 

• 

• 

• 

vo 

00 

KN  f- 

ON 

in 

o 

CVJ 

H 

m 

KN 

0- 

ON 

f-H 

r-l 

H     1 

If 

i 

II 

II 

II 

II 

M 

m 

M 

M 

M 

M 

PQ 

m 

PQ 

pq 

pq 

PP 

8 

O 

o 

O 

O 

D 

Ms 


PURDUE 


C/5 

W 
CQ 


PURDUE 


PURDUE 


w 

CQ 
i—. 


PURDUE 


znaurid 


anannd 


PURDUE 


W 
i— i 

3 

a 

CQ 


PURDUE 


FUKUUt. 


fUKUUt. 


PURDUE 


PURDUE 


anannj 


ana^nj 


snannj 


znaurid 


03 

w 

5j 


anannj 


PURDUE 


PURDUE 


PURDUE 


620.51 
P97te 
no. 15-17 
1963 


on 
W 

13 


PURDUE 


ENGINttKIMG  LIBRARY. 


PURDUE 


D3 
> 

I— I 

w 

to 


nnannj 


BOUND    TO     PLEASE 


wdmm  wufouf* 


DEC. 64 

N.    MANCHESTER.       I 
INDIANA J 


anaH/id 


ancrand 


03 

a 

m 


